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EXECUTIVE SUMIARY

This report smmnari	 the data collection and analysis activities conducted during the
100-BC-2 Operable Unit limited field investigation (LFI) and presents the associated
qualitative risk assessment (QRA). This report also provides recommendations on the
continued candidacy for interim remedial measures (IRM) for the three high-priority waste
sites and the I I solid waste burial grounds m this operable unit. An IRM is intended to
achieve remedies that are likely to lead to a final Record of Decision, and is not restricted to
limited or short-term actions.

The data collection and analysis activities were conducted m accordance with the
Remedial Investigation/Feasibility Study Work Plan for the 100-BC-2 Operable Unit
(DOE-RL 1993a). The QRA was performed in accordance with the Hanford Site Risk
Assessment Methodology (DOE-RL 1994a) and the recommendations incorporate the
strategies of the Hanford Past-Practice Strategy (DOE-RL 1991a). The purpose of this
report is to:

•	 provide a summary of site characterization activities

•	 refine the conceptual exposure model (as needed)

•

	

	 idemiry chemical- and location-specific applicable or relevant and appropriate
requirements

•	 provide a QRA of risks associated with high-priority sites and a solid waste
burial ground

•	 identify those sites that are candidates to -remain as the MAX path.

The 100-BC-2 Source Operable Unit consists of an area of approximately
1.7 km' (0.6 mi) within the 100 B/C Area. The operable unit contains waste sites
associated with the original plant facilities constructed to support the operation of the
C Rea%tvr and ilquid, sludge, and solid waste units. All known and suspected arm of
contamination were classified either as high- or low-priority, or as a solid waste burial
ground based on the collective knowledge of the operable unit managers (representatives

_--from.-the U.S—Department of Energy,_the-I1_S. Environmental] Protection Agency, and the
Washington State Department of Ecology) during the preparation of the 100-BC-2 work plan
(DOE-RL 1993a) (Table ES-1). High-priority sites were judged to pose sufficient risk(s),
through one or more pathways, to require evaluation for an IRM. Low-priority sites are
those sites judged not to pose significant risk to require a streamlined evaluation. In
addition, solid waste burial grounds were identified; they were not assigned a priority, but
have been assigned to the IRM path. In the 100-BC-2 Operable Unit three waste sites were

- - - -

	

	 identified as-high-priori y: the 116 C ?P.-elute crib; the 116=C-2B pinto crib pump station;
and the 116-C-2C pluto crib sand filter. There were five low-priority waste sites and eleven
solid waste burial grounds identified.

ES-1
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The 116-C-2A pluto crib was the only high-priori ty site investigated using intrusive
methods. This site was investigated by drilling a borehole through the crib to co llect samples
from the vadose zone. The samples were analyzed for metals, certain anions, and
radionuclides. All analytical data were validated. In addition, the 118-B-1 and 118-C-1
burial grounds were investigated using the surface based geophysical methods of
ground penetrating radar and electro-magnetic induction.

Analytical results, from both LFI and historical data, show that radionuclide
contamination is of primary concern in the 100-BC-2 Operable Unit. Radionuclide
concentrations are highest in the 116-C-2C pluto crib sand filter. Qualitative risk assessment
results show that the 116-C-2C pluto crib sand filter has a high human-health risk and an
environmental hazard quotient (EHQ) rating of > 1. The major risk drivers for human
health are cobalt-60, cesium-137 and europium-152. The ecological risk driver is
strontium-90. Qualitative risk assessments were not completed for the 116-C-2A pluto crib
and the 116-C-2B pluto crib pump station because the detected contamina tion was below the

- _ .-- -----------4.6-m-(15. ft} risk aacr_cament cutoff dent ,

- --- -- - --- -Ail-three high-priority waste-sites are recommended to remain on the IRM path
(Table ES-2). The 116-C-2A pluto crib remains on the IRM path due to potential impact to

- -- - -groundwater. - The- 116-C-2B pluto crib yu,^ bwiion remains on the IRM path because
groundwater impacts are unknown. The 116-C-2C pluto crib sand filter is recommended to
remain on the IRM path due to a high human-health risk and an EHQ > 1.

All eleven solid waste burial grounds are to remain on the IRM pathway as designated
in the 100-BC-2 Operable Unit Work Plan (DOE-RL 1993a). Review of available data
substantiates the original designation of the burial grounds.

FC 7
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Table ES-1 100-BC-2 Operable Unit High-Priority Sites,
Low-Priority Sites and Solid Waste Burial Grounds

HIGH-PRIORITY SITES

l 16-C-2A Pluto Crib
116-C-2B Pluto Crib Pump Station
116-C 2C Pluto rrih Sarnd Filttpr

LOW-PRIORITY SITES

116-C-3 Storage Tanks
116-C-6 Pond
1607-B-8 Septic System
1607-B-9 Septic System
1607-B-10 Septic System
1607-B-11 Septic System

SOLID WASTE BURIAL GROUNDS

118-B-1 Burial Ground
118-B-2 Burial Ground
118-B-3 Burial Ground
118-B-4 Burial Ground
118-B-6 Burial Ground
118-C-1 Burial Ground
118-C-2 Ball Storage Tank	

II
118-C-4 Horizontal Control Rod Storage Cave
128-C-1 Burning Pit
132-C-1 Reactor Exhaust Stack Burial Site
132-C-3 Exhaust Air Filter Building

EST-1
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Table ES-2 IRM Recommendations for the lOQBC-2 High-BriiorâLy-Srtec

Waste Site Qualitative Risk Conceptual Exceeds Probable Potential IRM
Assessment Model ARAR Current for Natural Candidate

Impact to Attenuation yes/no
Low EHQ > 1 Groundwater by 2018

Mrequency
Scenario

116-C-2A NA	 NA Adequate No Yes NA Yes

116-C-211 NA	 NA Adequate No Unknown' NA Yes

116-C-2C High	 Yes Adequate No Unknown No Yes

11913-1,-1-18-E-2,118-B-3;118-B4, I',V- 	 , 118-C-1-, 118-C-2, 318-C-4; 128-C-1, 134-C-1,
132-C-3 burial grounds Yes

EHQ = environmental hazard quotient calculated by the qualitative ecological risk assessment
NA = not assessed due to contamination > 4.6 m (15 ft), which is the qualitative risk assessment depth cutoff
ARAR = applicable or relevant and appropriate requirements, specifically the Washington State Model Tomcs
Control Act Method B concentration values for soils
MM = interim remedial measures
' = No up or downgradient monitoring wells to assess groundwater impact, site remains on IRM path

EST-2
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ARAB applicable or relevant and appropriate requirements
CERCLA -- Comprehensive Environmental Response Compensation and Liab ility

Act
CLP Contract Laboratory Program
COPC contaminan ts of potential concern
CRDL contract required detection limit
DOE U.S. Department of Energy
Ewiogy --	 - ---- Washington Department of Ecology
EHQ environmental hazard quotient
EII Environmental Investigation Instructions
EMI electro-magnetic induction
EPA U.S. Environmental Protection Agency
ERA expedited response actions
FS feasibility study
lJM l7elge7-LVLLLCllCi

C'.PR ground-penetrating radar

HCR horizontal control rods
HCRL Hanford Cultural Resources Laboratory

HQ hazard quotient
- - HSRAM T-ia, nfnrd Site Risk AasPCCmrnt MPthrujpl0gy

HPPS Hanford Past-Practice Strategy
ICR incremental cancer risk
IRM interim remedial measures
LFi --limited-field-investigation
LTF	 - Lvw-aaugc wvc,u yvic

MTCA Model Toxics Control Act
OVM organic vapor monitor
PEF particle emission fraction
QC quality control
ORA qualitative risk assessment

-- --- --- RE.'RA vauvu auu i ,;,.:,.ery ACI

RI remedial investigation
ROD Record of Decision

---	 semi V OL btmu-vuldtlie orgdntC comptrilnds
TBC to-be-considered
Tri-Party

Agreement Hanford Federal Facility Agreement and Consent Order
UTL upper threshold limit
VOC volatile organic compound
VSR vertical safety rods
WAC Washington Administrative Code
WHC Westinghouse Hanford Company

iii
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1.0 INTRODUCTION

This limited field investigation (i;Fl) report presents data collection and analysis
activities and the qualitative risk assessment (QRA) conducted during the 100-BC-2 Source
Operable Unit LFI. A LFI report is required, in terms of the Hanford Past-Practice Strategy
(HPPS) (DOE-RL 1991a), when waste sites are to be considered for action as interim
remedial measures (IRM). The purpose of the report is to: identify those sites that are
recommended to remain as candidates for IRM; provide a prelimina ry summary of site
characterization studies; refine the conceptual model as needed; identify contaminant- and
location-specific applicable or relevant and appropriate requirements (ARAB); and provide a
QRA associated with the sites. This assessment includes considera tion of whether
contaminant concentrations pose an unacceptable risk that warrants action through IRM.
These objectives are described fully in the Remedial Investigation/Feasibility Study Work
Plan for the 100-BC-2 Operable Unit (DOE-RL 1993a).

In order to limit the size of the report and improve its readability , reliance is placed
- -- -- --- -omthe-referral-ta other documents-forspecific_details,—This dr_x_:ttmeut is uniqu e. in that it is

based on Hanford-specific agreements discussed in the Hanford Federal Facility Agreement
and Consent Order (Tri-Party Agreement) (Ecology et al. 1990), the HPPS, Hanford Site
Risk Assessment Methodology (HSRAM) (DOE-RL 1994a), and the Remedial
Investigation/Feasibility Study Work Plan for the 100-BC-2 Operable Unit (DOE-RL 1993a)
and must be viewed in this context. An IRM, for example, is de fined in broad terms and is
not restricted to limited or near term ac tions. It allows for interim action with the final goal
of achieving final action levels. An IRM may not be decided upon if it is likely not to lead
to a final Record of Decision (ROD). A QRA is used only to assess risk for IRM
determination and is not intended to define current risk or baseline risk in a traditional sense.
The final decision to conduct an IRM wi ll rely on many factors including; the QRA, ARAB,

- -	 future land ase, -point of complSan: e, *tee of compliance, a bias-for-action and the threat to
human health and the environment including the threat to groundwater.

1.1 THE HANFORD PAST-PRACTICE STRATEGY AND THE 100-BC-2 LFI

1.1.1 Hanford Past-Practice Strategy

The signatories to the Tri-Parry Agreement (Ecology et al. 1990); the U.S.
Department of Energy (DOE), U.S. Environmental Protection Agency (EPA), and
Washington State Department of Ecology (Ecology), recognized the need for a new strategy

-of Resource Couservadon and recovery Act RCRA /Comprehensivery	 ^	 mprehensive Environmental
Response Compensation and Liability Act (CERCLA) integration to provide greater
uniformity in the applicability of requirements to the Hanford Site. Additionally, the
signatories- —	 natories	 eed that - r	 with the traditi	 —onal CLKLA roach would likelyg	 ^	 P	 approach	 Y

-- require too much time ^^nd 1 la^be a por tion of a limited budget be spent before actual
cleanup would occur. Another motivation for a new strategy was the need to coordinate
past-practice investigations with RCRA closure activi ties since some operable units contain

i-i
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RCRA treatment, storage, - and disposal facilities. The new strategy, the HPPS, is described
and justified in The Hanford Federal Facility Agreement and Consent Order Change
Package, dated May 16, 1991 (Ecology et al. 1991).

In response to the above concerns, the three parties have decided to manage and
implement all past-practice investigations under one characterization and remediation
strategy. in order to enhance the efficiency-of ongoing remedial investigatiom'feasiUUILY
study (RI/FS) and RCRA facility investigation/corrective measures study activities at the 100
Area of the Hanford Site, and to expedite the ultimate goal of cleanup, more emphasis will
be placed on initiating and completing waste site cleanup through interim actions.

This strategy streamlines the past-practice remedial action process and provides new
concepts for:

accelerating decision-making by maximizing the use of existing data consistent
with data duality objectives

undertaking expedited response actions (ERA) and/or IRM, as appropriate, to
either remove threats to human health and welfare and the environment, or to
reduce risk by reducing toxicity, mobility, or volume of contaminants.

The HPPS describes the concepts and framework for the RI/FS process in a manner
that has a bias-for-action through optimizing the use of interim actions, culminating with
decisions for final remedies on both an operable unit and 100 Area aggregate scale. The
strategy focuses on reaching early decisions to initiate and complete cleanup projects,
maximizing the use of existing data, coupled with focused short-time-frame investigations,
where necessary. --ATmore dam become available on contamination problems and associated
risks, the details of the longer term investigations and studies will be better defined.

Figure 1-1 is a decision flow chart that shows the HPPS process. The strategy
includes three paths for interim decision-making and a final remedy-selection process for the
operable unit that incorporates the three paths and integrates sites not addressed in those
paths. An important element of this strategy is the application of the observational approach,
in which characterization data are collected concurrently with cleanup.

As shown on Figure 1-1, the three paths for interim decision-making are:

An ERA path, where an existing or near-term unacceptable health or
environmental risk from a site is determined or suspected, and a rapid
response is necessary to mitigate the problem.

•	 AindRAWpath,-where existing data are sufficient to formulate a conceptual
--- __ model and perform a QRA. If a decision is made to proceed with an IRM, the

process will advance to select an IRM remedy, and may include a focused FS,
if needed, to select a remedy.

1-2
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A LFI path, where a LFI can provide su fficient data to formulate a conceptual
model and perform a QRA. The data can be obtained in a less formal manner
than that needed to suppo rt the operable unit ROD; however, regardless of the
scope of the LFI, it is a part of the RI process, and not a substitute for it.

The near-term past-practice strategy for the 100 Area provides for ERA, IRM, and
LFI :;r individual waste sites, grouped waste sites, and contaminated groundwater. The LFI
is an integral part of the RI/FS process and functions as a focused RI for selection of IRM.
The information obtained from the LFI and interim actions may be sufficient to perform the

- baseline risk assevsment, and to -select the remMyfor the operable unit. If the data are not
sufficient, additional investigations and studies will be performed to the extent necessa ry to
support the operable unit remedy selection. These investigations would be performed within
the framework and process defined for RI/FS programs.

1.1.2 Application of the Hanford Past-Practice Strategy to the 100-BC-2 Operable Unit

--- ---- - -- --	 implementation of the -HPPS- at the 100-BC 2, Operable Unit began with the

--- --- -- development-of Revision-0 of the Remedial Znve_crigation/FPncihility Study Work Plan for the
100-BC-2 Operable Unit (DOE-RL 1993a). As noted in Section 4.2.2 of the work plan and
Section 4.2.1 of the Remedial Investigation/Feasibility Study Work Plan for the 100-B C-1
Operable Unit (DOE-RL 1992a) the three pa rties designated all known and suspected areas
of contamination as either high- or low-priori ty , or as a solid waste burial ground (no
priority). The classification of sites was based on the co

ll
ective knowledge of the three

parties and information contained in existing work plans. The site classification decisions
were made during joint meetings with the three parties and are documented by meeting
minutes that are part of the administrative record. Sites classified as high-priori ty or solid

-	 -waste-burial grounds-were-thought to pose a risks) through one or more pathways sufficient
to recommend streamlined action via an IRM. Low-priori ty sites were thought not to pose
risks sufficient to recommended streamlining. The three parties agreed that:

•	 none of the high-priority sites pose risks that would require an ERA

limited field sampling was sufficient for those high-priority sites where data
are deemed insufficient to formulate the con ceptual model and support the
QRA

•	 material in the solid waste burial grounds was too diverse for limited field
sampling to add to the historical data

•	 investigative activities for the low-priority sites would be deferred to the final

certain activities-would  n orgy a n ^̂ynY Yn imn^mm^nt M Yhu 1 0/0̂ e--	 -	 Wrt4W--bV-mV1y Ll Vien4 W 1L12/1V41V11L 6L LL1V 1V^/ Area
_ aggregate_or -Hanford-Site -scale instead of the operable unit scale,
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The high- and low-priority sites and solid waste burial grounds for the 100-BC-2
Operable Unit are listed in Table 1-1.

The LFI and QRA are pa rt of the 100-BC-2 RI/FS, as described by the work plan
(DOE-RL 1993a). The work plan includes the fo llowing topics that are directly applicable to
the 100-BC-2 LFI:

•	 operable unit site description (Section 2.1)
•	 physical setting (Section 2.2)
•	 operable unit conceptual model (Chapter 3)
•	 A9t9 mmlity nhinrtinme fqP Linn A 11-	 rua.a qu^.au^ vow ..	 p. ...... T..^

•	 data needs (Section 4.1.2)
•	 100-BC-2 Operable Unit sampling and analysis approach (Section 4.2)
•	 LFI (Section 5.1.1)
•	 100 Area aggregate studies and Hanford Site studies (Section 5.1.1).

The conceptual model for the 100-BC-2 Operable Unit was developed during the RI
scopmg process. The conceptual model is presented in Chapter 5.0 of the work plan
(DOE-RL 1993a). The conceptual model addresses the fo

ll

owing:

•	 structure and process of the waste sites
•	 source of contaminants
•	 type of contaminants
•*: e..nd eV-wnt of contamination
•	 known and potential routes of migration
•	 known and potential human and environmental receptors.

The conceptual model has been updated with data acquired through the LFI and is
-- presented in Chapter 3.0 of this report.

The 100-BC-2 LFI began the investigative phase of the RI for a select number of
high-priority sites. The LFI included data compilation, nonintrusive investigations, intrusive
investigations, evaluation of information from 100 Area aggregate studies and data
evaluation.

-	 - -- Low-priori€i; site inve^-tigations -are-deferred until-the final remedy selection phase for
the operable unit (see Figure 1-1). Under the past-practice strategy, preliminary
investigations will be limited to evaluation of existing data directly from the operable unit or
through evaluation of data from analogous sites. Table 1 -2 presents a listing of analogous
sites relative to sites at the 100 -BC-2 Operable Unit.

The solid waste burial grounds are to be addressed through the IRM pathway.
Analogous facilities wi

ll

 be used for initial screening of the burial grounds and the
observational approach will be used during remediation.
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1.2 OPERABLE UNIT BACKGROUND

The 100-BC-2-Operable Unit is one of three operable units associated with the
- —	 100 B/C Area of the Iafifoid Site. the 1w-BC-1 Operable Unit and 100-BC-2 Operable

Unit are source operable units, which are composed of waste sites. The 100-BC-2 wastes
sites-are those-liquid-and sludge deposal sites generally associated with operation of the
C Reactor. Also included with the 100-BC-2 Operable Unit are the solid waste burial
grounds associated with the 100 B/C Area. The third operable unit, 100-BC-5, addresses the

a e.....g,r;M..wawr.

The geographical area encompassing the 100-BC-2 Operable Unit is located adjacent
to the 100-BC-1 Operable Unit. In general, the 100-BC-2 Operable Unit contains waste units
associated with the original plant facilities constructed to support C Reactor operation and
liquid, sludge, and solid waste units. Figure 1-2 shows the approximate boundaries of the
100-BC-2 Operable Unit defined by the waste units it includes, and its location with respect

-	 to the other E/C Area operable units. --The--100-BC-2-Operable Unit Pnrmmn in_s__...,_.4r.... 

approximately 1.7 km2 (0.6 mid. It lies predominantly within the northern portion of
Section 14, a	 nond the rthea st portion of Section 15 of Township 13N, Range 25E. It is
bound by North American Datum 1983 (NAD 83) metric Washington State plane north/south
coordinates N143,700 and N144,300 and east/west coordinates E564,200 and E565,600.

The 100 B/C Area contains two reactors; the B Reactor associated with the 100-BC-1
Source Operable Unit and the C Reactor associated with the 100-BC-2 Source Operable Unit.
The B Reactor, constructed in 1943, operated from 1944 through 1968, when it was retired
from service. The C Reactor, constructed in 1951, operated from 1952 until 1969, when it
-!-o was retired from service. The C Reactor shared some of the ancillary facilities
constructed for the B Reactor, such as the river water pump house and reservoir and the inert
gas system. Currently, the only active facility within the boundaries of the 100-BC-2
Operable Unit is the 151-B electrical substation.

The 100-BC-5 Groundwater Operable Unit is described in the Remedial
Investigar'onlFewLVi.li g;,;,A, ?cork Plan for the 100-BC-5 Operable Unit (DOE-RL 1992b).
The results of a recently completed LFI for the 100-BC-5 Operable Unit are presented in the
Limited Field Investigation Report for the 100-BC-5 Operable Unit (DOE-RL 1993b).

1.3 QUALITATIVE RISK ASSESSMENT

The QRA portion of this report provides information to assist in making defensible
decisions on the necessity of IRM at the 100-BC-2 Operable Unit. The QRA is an evaluation
of risk for a predefined set of human and ecological exposure scenarios. It is not intended to
replace or be a substitute for a baseline risk assessment. The QRA is streamlined to consider
only two human health scenarios; frequent- and occasional-use; with three exposure
pathways; soil ingestion, fugitive dust inhalation, and external radiation exposure; and a
limited ecological evaluation. The-use-of these--scenarios and pathways was -agreed to bythe
100 Area Tri-Party unit managers (December 21, 1992 and February 8, 1993).
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Firure 1-2 Mao of the 100 B/
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Table 1-1 100-BC-2 Operable Unit High-Priority Sites,
Low-Priority Sites and So

li
d Waste Burial Grounds

HIGH-PRIORITY SITES
I tL. n ^ ♦ "1--

--- - -- llV-1.-6t1 rluw ld7O
116-C-2B Pluto Crib Pump Station
116-C-2C Pluto Crib Sand Filter

LOW-PRIORITY SITES
l

116-C-3 ctorage T?.-'--
116-C-6 Pond
1607-B-8 Septic System
1607-B-9 Septic System
1607-B-10 Septic System
1607-B- 11 Septic System

SOLID WASlM BUKIAL GROUNDS

118-B-1 Burial Ground
118-B-2 Burial Ground
118-B-3 Burial Ground
118-B-4 Burial Ground
118-B-6 Burial Ground
118-C-1 Burial Ground
118-C-2 Ball Storage Tank
118-C-4 Horizontal Control Rod Storage Cave
128-C-1 Burning Pit
132-C-1 Reactor Exhaust Stack Burial Site

-- -- - - 132-C-3- Exhaust Air Filter Building	
N
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Table 1-2 100 Area Analogous Sites

100 BC-2 Operable 100-BC-1 100 D/DR I 100 H Area I 100 B Area I 100 F Area
!---- - --Operable Unit - ---	 Area

116-C-2 Pluto Crib 116-B-3 116-D-2A 116-H-4 none 116-F-4
System 116-DR-4

118-B-1 and 118-C-1 none 118-D-1 118-H-1 none 118-F-1
Burial Grounds 118-D-2 118-F-2

118-D-_3

118-C-4 Rod Cave - none none 105-H Rod 118-KW-2 ngpe
Cave

128-C-1 Bum Pit 128-B-1 128-D-1 128-H-1 none 128-F-1
128-D-2 128-H-2 128-F-2

132-C-1 Stack Burial none none 132-H-1 none 132-F-4
Site

132-C-3 Filter 132-B-4 117-D 132-H-2 none now
Building Burial Site
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2.0 APPROACH

The LFI activities for the sites identified in the 100-BC-2 Operable Unit Work Plan
-	 (DOE-RL lW-3a)-conksted-of an intrusive inves tigation, reconnaissance smace based

geophysical surveys, evaluation of historical data, review of analogous site informa tion, and
---- ---- -completion-of-a- QRA.-- Through _this j)rocem%-an-evaluation -of all of the him priority Sites,

burial grounds and low-priority sites identified in the 100-BC-2 Operable Unit Work Plan
-	 — -(DOTE-RL 1993a) was completed.

The work plan divides the site characteriza tion activities into 13 tasks. Table 2-1 lists
the_tasksrsubtasks, and how each task is addressed in the LFI report .

The LFI activities, as well as the aggregate area investigations, are discussed in
greater detail in the following sec tions. Investigation results and summaries for the
100-BC-2 Operable Unit LFI are discussed in Chapter 3.0 of this report .

2.1 SOURCE ENVESTIGATION

An- inteo ll part of the RI/FS process for the 100-BC-2 Operable Unit has been the
acquisition, evaluation, and utilization of records pertain to the construction, operation,
and decontamination/decommissioning of the reactor and related 100 B/C facili ties. This
information is categorized as "historical information," and includes operations records and
reports, engineering drawings, photographs, interviews with former or retired operations

-- — personnel, and data uom sampling and analysis of facilities and the local environment.
Historical information sources for this LFI are described in Section 2.3.5,

A^.G- GATE eur. nwMMATION

- - - The-100-Areas aggregate and Hanford Sitewide-inves tigationsprovide an integrated
analysis of selec*.ed issue.," at a scale larger than an individual operable unit. Inves tigations
which were studied at a larger scale than the 100-BC-2 Operable Unit are:

g^:,logic investigation
•	 ecological investigation

- ---- --cultural resource.%

Hanford Site background.

These investigations are discussed in the fo
ll

owing sections.
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2.2.1 Geologic Investigation

Detailed results of the geologic investigation of the 100 B/C Area are contained in
Geology of the 10-0- BIC Area (Lindberg 1993). The stratigraphy of the 100 B/C Area
(Figure 2-1) is (from youngest to oldest):

•	 discontinuous Holocene deposits
•	 Hanford formation
•	 Ringold Formation
•	 Columbia River Basalt Group and interbedded Ellensburg Formation.

The Holocene deposits of the 100-BC-2 Operable Unit are predominately eolian silty
fine-grained sands. These deposits range in thickness from predominately <0.9 in ft) to
< 0.3 in ft). In areas of construction, the Holocene deposits have been removed.

The Hanford formation is represented by gravel-dominated facies in the 100-BC-2
Operable Unit, with occasional isolated intervals of sand-dominated facies. The formation is
over 31 in 	 ft) thick in the southeastern portion of the operable unit and uniformly thins
to the northwest. These sediments are part of a three-facies formation deposited during
Pleistocene cataclysmic flooding on an erosional surface which marks the top of the Ringold
Formation.

_

	

	 The Ringold Formation consists of seven units and interbeds in the 100-BC-2
- _Operable Unit_ From upper to lower these are_

Unit E, in the BC-2 portion of the B/C Area, is not clearly defined. It is
probably a coarse-grained fluvial sequence ranging in thickness from 13 to
40 in 	 to 130 ft).

Paleosols and Overbank deposits are a sequence of muddy sediments
approximately 34 in 	 ft) thick. The lower half of the sequence shows
considerable carbonate development, indicating paleosols.

Unit C consists of a series of coarsening-upward fluvial channel deposits.
These sequences grade from silty or gravelly sand to sandy gravel. In the
northern portion of the B/C Area this unit is approximately 34 in ft)
thick.

•	 Paleosols and Overbank deposits are a 15 in 	 ft) thick set of sediments
grading from silt upward into silty sands and gravelly muds.

Unit B correlates to a set of two gravelly sand intervals interbedded with
paleosol and overbank sandy muds. The thicknesses of the sand intervals are
2.4 and 1.8 in and 6 ft); the sandy muds are approximately 2.7 in ft)
thick.

2-2



DOE/RL-94-42, Rev. 0

Lower Mud Unit is a 44 in 	 ft) thick, blue to blue-grey lacustrian mud
deposit.

Unit _A-cons ists of an 18 m (60 ft) thick deposit of sandy gravel, sand and sandy
silt.

The Columbia River Basalt Group is an assemblage of tholeiitic, continental flood
basalts of miocene age (DOE 1988, Reidel and Hooper 1989). The upper most basalt unit
underlying the majority of the Hanford Site is the Elephant Mountain Member of the Saddle
Mountains Basalt (Reidel and Fecht 1981).

The Ellensburg Formation consists of voicaniciastic and siliciclastic deposits that
occur between basalt flows of the Columbia River Basalt Group (DOE 1988, Smith 1988).

Detailed results from the groundwater investigation can be found in The Limited Field
Investigation Report for the 100-BC-5 Operable Unit (DOE-RL 1993b). The fo

ll
owing

summary of groundwater information is from that LFI report . Groundwater in the 100 B/C
Area flows in a northerly direction towards the Columbia River. The depth to groundwater
at high river stage ranges from 22.89 in 	 ft) in well 199-114-4, located near the
B Reactor, to 15.06 in 	 ft) in well 199-133-47, located due north of the 116-B-14
sludge disposal trench. The estimated hydraulic conductivities in the uppermost aquifer
range from 2 x 10'Z cm/s (50 ft/d) to 5 x 10- 3 cm/s (15 ft/d). The 100-BC-5 QRA (WHC
1993a) human health risk assessment identified bis(2-ethylhexyl)phthalate, tritium, carbon-14,
strontium-90 and technetium-99 as contaminants of concern. The environmental risk
assessment for aquatic toxicity for fish from nonradioactive contaminants indicated that
aluminum, bis(2-ethylhexyl)phthalate, hexavalent chromium, iron, lead, and mercury
exceeded either an acute or chronic toxicity value. Because groundwater contamination in
the 100-BC-5 Operable Unit may impact the Columbia River, the potential impact of
1007BC72 Source Operable Unit waste sites on groundwater is an important consideration
when recommending IRM.

^^ i ii n^lnoinol 7^g^w9tinn

The 100 Area operable units, which cover a total area of 18.3 km Z (1,834 ha) are
topographically and environmenta lly similar. Each is situated along the Columbia River
hank with the reactor located on a high gravel terrace left by the recession of glacial

floodwater at the end of the Pleisto cene. Shoreline areas grade from steer banks with
narrow cobble beaches to broad, stepped, well-definea floodpiain terraces with gently sloping
beaches. The floodplain terraces consist of sand deposited during the Holo cene epoch and
occur on at 1-east two levels, one dating to the early or middle Holo cene and another
representing the later Holocene. Inland areas are broad flats broken only by stabilized

_ -	 - dunes. _ The area from west of the 100 N Area to the western edge of the 100 D Area differs
_--- _ from shis general -pattern.- The_large, _ -rounded gravel - mounds in - that vicinity are chantir

ripple marks produced by the rush of catastrophic Pleistocene floodwater.

-	 - -	 -
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Vegetation in the 100 Areas is dominated by cheatgrass (Bromus tectorum), with
scattered big sagebrush (Artemisia tridentata), tumble mustard (Sysimbrium spp.), Russian

Salsola	 ' rabbit-mush- Ca sotnaiilnus spp.),_	 ^^tie ^	 r1' ^	 Pp•1, and neeaie and treadh	 grass
(Stipa somata). Small groves of deciduous trees and shrubs, usua

ll
y black locust

(Robin pseudo-acacia), willow (Salix spp.), and mulberry (Mores spp.) grow along the river
bank at the 6te of early twentieth-epnfigy hnmesteads.

Ecological surveys and sampling related to CERCLA have been conducted in the
100 Areas and in and along the Columbia River adjacent to the 100 Areas. Sampling
included plants with either a past history of documented contaminant uptake or an important
position in the food web, such as river algae, reed canary grass, tree leaves, and asparagus.
In addition, samples were co

ll
ected of caddis fly larvae (next step in the food chain from

algae), burrow soil excavated by mammals and ants at waste sites, and pellets cast by
raptors, and coyote scat, to determine possible contamination of the upper end of the food
chain. Other sampling results generated by sitewide surveillance and facility monitoring
programs will also be used in the evaluation of ecological contamination. The ecological
samples that have been evaluated at this time show no noticeable contamination within the
100 B/C Reactor Area, but do indicate contamina tion in samples from between the 100 B/C
and 100 K Areas, downriver from the 100 K Area, and in the 100 N Area. Initial samples
from trees near the 100 K Area showed the highest con centration up to 88 pCi/g
strontium-90.

In addition, bird, mamm11, and-plant_surveys -were conducted and reported in
Sackschewsky and Landeen (1992). Current contamina tion data has been comp iled from
other sources, along with ecological pathways and lists of all wildlife and plants at the site,
including threatened and endangered species. This informa tion has been published in Weiss
and Mitchell (1992).

2.2.3 Cultural Resources Review

In compliance with Section 106 of the National Historic Preservation Act, and at the
request of Westinghouse Hanford Company (WHC), the Hanford Cultural Resources
Laboratory (HCRL) conducted an archaeological survey during fiscal year 1991 of the 100
Area Reactor compounds on the DOE Hanford Site (Chatters et al. 1992). This survey was

- conducted as part of a -comprehensive zulbaral resources review of the 100 AreaCERCLA
operable units in support of characterization activities. The work included a literature and
records review and pedestrian survey of the project area following procedures established in
the Hanford Cultural Resources Management Plan (PNL 1989).

The 100 B/C Area consists of approximately 4.4 km' (441 ha), of which nearly 30%
(1.3 km2 [133 ha]) was surveyed. Most of this operable unit is on the gently sloping
Pleistocene terrace ranging from 133 m (436 ft) above sea level on the north edge to 153 in

(502 ft) above sea level at the southern boundary . The remainder of the area is a steeply
sloping bank (1:10, i.e. 10%, grade) that extends down to the Columbia River shoreline. An
extensive gravel beach is exposed along the north bounda ry of the operable unit at low water.

-- -- - - _ -
On 	 upstream cod of the operable unit, the bank is less_ steep, broadening into a gently
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sloping (1:50, i.e., 2%, grade) gravel flat, 150 in ft) wide. Archeological survey
efforts were concentrated along the shoreline and the undisturbed periphery around the
reactor complex.

Two archaeological sites (H3-17 and 45BN446) and a single isolated artifact
(45BN430) were located within the 100 B/C Area. Site H3-17 is located on the high terraces
occupied by the reactor facilities and may be affected by CERCLA characterization studies.

-- -- Site45BN445 is-at risk because-it-may--be located near frontage roads or launch facilities and
may b{. a GN̂ indir Uy by CERCLA activities.

Evaluation of the significance of all sites discovered in fiscal year 1991 will be
conducted in the future. The DOE is currently considering negotiating a programmatic
agreement with the Washington State Historic Preservation Office, the Advisory Council for
Historic Preservation, and affected Native American Tribes to aid in the mitigation of affects

-- --- - Lo signiiiCant historic pruyeiuca tldL are within or affected by contamination from CERCLA
operable units. All work and road building associated with CERCLA characterization of the
100 Areas will be reviewed by_HCRL and DOE personnel and plans will be adjusted to
avoid impacts to cultural resources whenever possible.

.. - Ala for(1	 nand

The natural composition of soils at the Hanford Site is presented in Hanford Site
Background: Part 1, Soil Background for Nonradioactive Analyses (DOE-RL 1993c). The
characterization effort involved the determination of the types and concentrations of
nonradioactive analytes that exist naturally in soils at the Hanford Site. In addition, physical
properties and factors that might affect the natural soil chemical composition, as determined
by regulatory protocols, were also characterized. Background concentrations have not been
agreed upon for organic analytes or most radionuclides. Therefore, detected levels of
organic and radionuclide analytes are assumed to be site-related contaminants and are not
compared to background.

Table 2-2 presents the 95th percentile of the log-normal distribution of the data and
the 95% confidence limit of the 95th percentile of the data distribution (95% upper threshold
limit [UTL]) of natural concentrations of inorganic analytes in Hanford Site soils
(DOE-RL 1993c). The 95 % UTL was used to define background levels for screening of
inorganic .constituents for the ORA . An inorganic constituent at a site is considered to be a
contaminant if the reported concentration exceeds the 95 % UTL.

2.3 100-BC-2 LFI FIELD AND SAMPLING ACTIVITIES

- -- - _-Meld--activities- used -to-evalua+t- contamination -at-the -llf:-C-2A plum crib included:
cahle-tool drilling of a borehole; field screening for evidence of volatile organic compounds
(VOC), radionuclides and hexavalent chromium; soil sampling, and borehole geophysical
logging. The description of work (Kytola 1993) provided detailed guidance for these field
activities. Two surface soil samples were collected as part of the LFI activities to provide
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data for concentrations of chemical and radiological constituents at nonwaste site areas
(Figure 2-2).

Surface based reconnaissance geophysical surveys, electro-magnetic induction and
ground-penetrating radar, were performed on the 118-B-1 and 118-C-1 solid waste burial
grounds. These surveys were used to help locate and delineate the wastes buried within the
burial grounds and to evaluate the geophysical methods' effectiveness.

The remaining investigations of the high- and low-priority sites consisted of an
analysis of historical data from past sampling and analysis (Dorian and Richards 1978),
process knowledge (Miller and Wahlen 1987, Stenner et al. 1988) and analogous site
information.

The investigative approach taken at each high- and low-priority site, and burial
ground is summarized in fable 2-3.

2.3.1 Vadose Zone Borehole Drilling

One borehole, 199-B9-4, was drilled between July 14 and July 22, 1993 at the
100-BC-2 Operable Unit to determine the nature and vertical extent of contamination
associated with the 116-C-2A pluto crib. The location of the borehole within the facility was
chosen to represent the "worst case" contamination, located near the effluent discharge point
(Figure 2-2). The borehole was advanced using cable-tool drilling methods and was sampled
using split-spoon samplers. The total depth of the borehole was based on expected waste
depth and modified in the field based upon field screening results for radionuclides and
volatile-9 (DOE-RL 1993a). Drilling was completed after field screening of two consecutive
samples yielded "clean" results (results below action levels [see Section 2.3.2, paragraph 5])
(Kytola 1993). The maximum drilling and sampling depth was set at 5 ft (1.5 m) below the
water table (Kytola 1993). The borehole was abandoned in accordance with Environmental
Instrument Investigations (Ell) 6.7, Documentation of Well Drilling and Completion
Operations (WHC 1988) after all sampling and geophysical logging was completed.

2.3.2 Field Screening

All samples and cuttings from the borehole were field screened for evidence of VOC
and radionuclides. The screening was done to assist in the selection of sample intervals and
borehole total depth. The V OC were screened using an organic vapor monitor (OVM) that
was used, maintained, and calibrated consistent with EII 3.2, Calibration and Control of
Monitoring Instruments, and Ell 3.4, Field Screening (WHC 1988). Radionuclides were
screened according to EII 3.4, Field Screening (WHC 1988). Gross gamma screening was
performed by the field geologist using a Ludlum 14C detector. The final sample interval
was screened for hexavalent chromium using a portable hexavalent chromium test kit
according to Ell 3.4, Field Screening (WHC 1988). All screening results were recorded by
the field geologist in the borehole log according to EII 9. 1, Geologic Logging (WHC 1988).

2-6



DOEixi: 94-42, Rev. u

-Prior to-drift,-a nonwaste site soil sample was collected for VOC and radionuc
li

des
at the site shown on Figure 2-2. In addition, local area background levels for VOC and

--_-- - -- radionuclides were-measured-on-freshly-disturbed sutfarce soil by holding the instruments less
than one inch from the soil. Volatile organic compound levels were determined using an
OVM, radionuclide screening was determined using a Ludlum 14C. These values were used
for selection of soil sampling intervals during dri

ll
ing.

Due to the proximity of the waste site to the C Reactor, a site radionuclide
background reading was taken each day prior to dri lling (Kytola 1993). A

ll 

background
readings were recordeti by the field geologist in the borehole log according to EII 9. 1,
Geologic Logging (WHC 1988).

Field screening data are qualitative; they were used to assist in the selec tion of sample
intervals a:: to determine the depth at which dri

ll
ing and sampling was stopped. The

identification of specific constituents and their concentrations are provided by analytical
results from the offshe laboratories.

The action level for VOC was 5 ppm above the background reading. Due to the
proximity of the C Reactor, the action level for radionuclides was the daily site background
reading plus the area background reading. Hexavalent chromium screening was for
information purposes only; therefore, an action level for hexavalent chromium was not
established.

., vvy.,.,^ aa..u..,. • wabouvu

The 199-139-4 borehole was logged using a spectral gamma ray radiation logging
system in accordance with EII 11. 1, Geophysical Logging (WHC 1988). The objective of
this survey was to identify the presence , type, location and activity levels of man-made,
gamma ray-emitting radionuclides in the 116-C-2A pluto crib.

Surfaced based reconnaissance geophysical surveys using ground-penetrating radar
(GPR) and electro-magnetic induction (EMI) techniques were performed at the 118-B-1 and
118-C- 1 burial grounds. These surveys were conducted to:

•	 locate the primary concentrations of buried waste within the burial grounds,
emphasizing  metallic waste

•	 locate individual trenches and silos within the burial grounds

•	 test the geophysical methods' effectiveness for detection and mapping the
-.	 -mew tc- waste, trenches, '.	 a.
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2.3.4 Sampling

- - - - -lytical samples were= llect-d from the borehole n accor^dance- WWit. 3W,
and Sediment Sampling (WHC 1988). The samples were collected based on the following
criteria:

Analytical sampling began when the drill cuttings were greater than or equal to
the screening criteria for radionuclides (reading at nonwaste site sampling

_location plus site background) or for VOC (5 ppm greater than background).

Sampling continued at 5 ft (1.5 m) intervals until two consecutive samples
taken below the expected waste depth were less than the screening criteria.

2.3.5 Historical Contamination Data

A primary reference for radiological characterization of the 100-BC-2 Operable Unit
sources is a sampling study of the 100 Areas performed during 1975/76 by Dorian and
Richards (1978). In the 100-BC-2 Operable Unit Area, Dorian and Richards collected
samples from the pluto crib system; including the pluto crib, the pluto crib sand filter, and
the pluto crib pump house; the 118-B-1 burial ground, the exhaust air filter building, and the
reactor exhaust stack. The samples were analyzed for radionuclides and the inventories of
radionuclides for the facilities and sites were calculated. Results from Dorian and Richards
(1978) were a major resource used in the development of the 100-BC-2 conceptual model and
LFI data needs. It should be noted, however, that only concentrations and inventories of
selected radionuclides were reported in the 1975/76 study. In particular: nickel-63, which is
generally present at activities on the same order of magnitude as cobalt-60; technetium-99,
detected in 100 B/C Area groundwater wells; and daughter product radionuclides of
strontium-90 and cesium-137, which have approximately the same activities as the parent
radionuclides, were not included in summa ries of total activity.

q mates of Solid Waste Buried in 100 Area Burial Grounds (Miller and Wahlen
1987) provides an additional source of radionuclide inventories for the solid waste burial
grounds in the 100-BC-2 Operable Unit. Radionuclide concentration estimates were
calculated based on buried waste inventories compiled from the review of historical
documents, reconstruction of operation practices, and the experiences of knowledgeable
individuals involved in the disposal of wastes generated during the years of reactor
operations.

2.3.6 Analogous Site Investigations

Some of the source sites in the 100-BC-2 Operable Unit have similar characteristics
and histories to source sites in other 100 Area Operable Units. Data gathered for LFI from
these analogous sites were used to compare and augment the data gathered for the 100-BC-2

-- LFI. Areas which have sites analogous to those in 100-BC-2 are; 100-BC-1, 100 D/DR,
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100 H, 100 F, and 100 K. Table 1-2 shows the source sites in each area that are analogous
to 100-BC-2 sites.

74 SAMPLE ANALYSIS

Samples collected for chemical analysis were analyzed for the CERCLA Contract
Laboratory Program (CLP) target analyte list constituents and radionuclides as specified in
the 100-BC-2 Operable Unit Work Plan (DOE-RL 1993a) and certain anions. Chemical

-_ =analysis	 condutaed using' C LP^lexel-TV) -methods For non-CL.P analyte. (e.g., anions,
—	 - nitrate/nitrite) analyses were performed according to EPA level III methods. Radiochemist ry

analysis was performed according to laborato ry specific procedures using standard
methodologies (e.g., gas proportional counting, alpha spectroscopy, gamma spectroscopy,

--	 - - etc.). R-out-ine -analytical  detection, quantitation limits, precision and accuracy are specified
in Appendix A of the 100-BC-2 Operable Unit Work Plan (DOE-RL 1993a).

2.5 DATA VALIDATION

Data validation was performed by a qualified independent participant contractor. All
validation was performed in compliance with WHC Sample Management Administration
Manual (WHC 1990), Section 2.1 for inorganic analyses and Sections 2.3 and 2.4 for
radioactive analyses. All analytical data packages were assessed and the chemical and
radionuclide data were validated. The results of the data validation process are presented in
Data Validation Report for the 106 LBC-2 Vadose Investigation - 116- C-2A Pluto Crib
(WHC 1993b).

The data evaluation and validation process assigned data qualifier letter codes to
individual analytical results in addition to those included from the analytical laboratory . The
following qualifier letter codes are applied to data from the LFI:

-- — --- -	 _	 °U" indicates the analyte was analyzed for and not detected. The numerical
value-reported-is *he ,̂nn^..ct reYiirPA detection limit (CRDL). Contract

------- ---- required detwtion-1_i_mi apply to_ EPA-ELP_ protocolanalysec of inorganic.

constituents and to detection limits established by WHC for radionuc lide
analyses. Sample quantitation limits and sample detection limits may be lower
or higher than the CRDL, depending on instrumentation, ma trix, and
lNLL{iGLLLL6UVLL 1Gl.W1J.

"J" indicates the analyte was analyzed for and detected. The concentration
reported is an estimate due to identified quality control (QC) deficiencies. For
example, if the amount present is less than the CRDL, the concentration
reported is considered as estimated value.

•

	

	 "UY indicates the analyte was analyzed for and not detected. The detec tion or
quantitation limit for the sample can-only be estimated due to identified QC
deficiencies.
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•	 "E" indicates the analyte was analyzed for and detected at a concentration
outside the calibration range of the instrument. The reported concentration is
an estimate, possibly containing significant error.

•	 "R" indicates the data were rejected during validation by the independent
contractor because of quality assurance problems or for administrative reasons.
Most of the data from the radionuclide analyses were marked "R" during the
validation process because the instrument calibration data were not included in
the package from the analytical_laborawry-_Evaluatioanfxhe_radionuclide
analytical results during the LFI/QRA process indicated the data were useable,
although the "R" qualifier code was retained.

•	 "B" for inorganic data, indicates the analyte was detected at a concentration
between the instrument detection limit and the CRDL.

Results marked with "J," "R" (in all but a few instances), and "B" qualifiers were
used for the LFI and QRA as were results without qualifiers. Results marked with "U" or
"UP qualifiers were not used.

In addition to the data validation identified above, the LFI data were evaluated for use
in the LFI and QRA. First, a detailed inventory of all samples collected for the LFI was
developed. This information was gathered from the project sample list, borehole log, and

-- _ --- sample-tracking-sheets. iv'iuitipie infuruiauun suiircrS were reViewed as no one Source
contained all required information.

Next, the analytical data were compiled and reviewed. This was done to verify that
the validation results were incorporated into the analytical database and that all data with data
quality deficiencies (e.g., technical concerns) were not used; however, data rejected for
administrative reasons, (e.g., calibration data delivered late) were considered usable for the
LFI and QRA. This is the only condition whereby rejected data were used in the LFI.

Last, the equipment blank data were reviewed to determine if sample data detection
were due to sources other than media contamination. This review was conducted usma the
EPA's "five or ten times rule." The ten times rule applies to common laboratory 	 V

contaminants, none of which were analyzed for in the LFI. Detected concentrations of other
contaminants needed to be greater than five times their corresponding laboratory blank value
to be considered valid. Contaminants with detections less than five times their corresponding
equipment blank value were flagged. The decision to use or not use the value was made in
the QRA.

2.6 QUALITATIVE RISK EVALUATION OVERVIEW

The following sections provide an overview of the approach used to evaluate the
analytical data for the QRA. Discussions include conducting the data evaluation, exposure
assessment, toxicity assessment, risk characterization, and uncertainty analysis for the
high-priority waste sites and the solid waste burial grounds at the 100-BC-2 Operable Unit.
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2.6.1 Data r valnanon

The purpose of this section is to provide an overview of the general source of
information consulted to prepare the QRA. The contaminants of potential concern (COPC)
identification process and tables of COPC at individual waste sites are included in this
section. Tables 2-4 through 2-7 illustrate the COPC identification process and provide the
concentrations of COPC for each waste site evaluated in the 100-BC-2 Operable Unit QRA.

The information on each waste site is reviewed to identify inorganics and/or
radionuclides that might impact the key media (e.g., soil, groundwater, surface water, air, or
biota). This information may be obtained from process knowledge, disposal knowledge,
inventory records, historical studies data, information obtained during site reconnaissance,
and data generated from LFI sampling activities.

Both the historical and LFI data are considered for identification of COPC. The
contaminants are considered for both human health and ecological QRA only if they are
detected in the upper 4.6 m (15 ft) of soil. This depth is used in accordance with the
Washington Administrative Code (WAC) which requires the assumption that a reasonable
estimate of the depth of soil that could be excavated and distributed at the ground surface as
a result of site development activities (e.g., constructing a basement) is from ground surface

_	 to 4.6 m (15 ft) below ground surface (WAC 173-340-740 (6(c)). The maximum
concentration of each detected contaminant from the historical or LFI data set is selected for
evaluation. Contaminants below 4.6 m (15 ft) were evaluated based on their potential to
impact groundwater.

 The na_	 ncitinn of enile the Hanford Site has recently been characterizedcomposit ,...,. s........at..	 y
(DOE-RL 1993c) and is discussed above in Section 2.2.4. This background information is
used in the identification of COPC at the 100-BC-2 Operable Unit as recommended in
HSRAM (DOE-RL 1994a).

2.6.1.1 Identification of Contaminants of Potential Concern. The evaluation process
discussed in Section C.2.1 of HSRAM (DOE-RL 1994a) is used to identify COPC for each
waste site. If the maximum concentration of an inorganic analyte exceeds the 95 % UTL, it
is considered to be a contaminant (DOE-RL 1994a) and is compared to the preliminary

-_- --r4sk-based-scr€ening_pnnpr nt tinnc (DOE-RI 1994a" the_ maximnm mprentration of an
inorganic analyte also exceeds the preliminary risk-based screening concentration, it is a
COPC and is retained for human health evaluation. Detected levels of radionuclides are
assumed to be site-related contaminants and are not compared to background. The risk-based
screening concentrations correspond to a lifetime incremental cancer risk (ICR) of 1E-07 or
to a hazard quotient (HQ) of 0. 1, assuming exposure according to the frequent-use scenario.

Risk-based screening concentrations are applied to inorganic and radionuclide analytes
for the human health evaluation only. For the ecological risk evaluation, inorganic analytes
which exceeded the 95 % UTL and all detected radionuclides are considered to be COPC.
Because selection of COPC for ecological evaluation does not include comparison to a
risk-based screening value, contaminants might be retained in the ecological risk evaluation
which have not been included in the human health evaluation.
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Although gross alpha and gross beta radioactivity measurements are tabulated, these
data are not used in the QRA because they are indicators of contamination and are not
themselves contaminants. The risk indicated by gross alpha and gross beta measurements is
addressed in the evaluation of individual radionuclides.

2.6.2 Uncertainty Associated with Data Evaluation

The uncertainty in the QRA risk characterization includes specific uncertainties related
to the data evaluation process for detected contaminants. Uncertainty can also be related to
the quality of data used in the QRA.

In order to categorize the uncertainty regarding data use, categories of high or
-medium quality are assigned to LFi and historical data:Invited l:cid investigation data are
analyzed using specific ERA methods, are validated following EPA functional guidelines, and
are therefore of high quality. Historical data from the Dorian and Richards report (1978)
were analyzed following routine laboratory protocols and have not been validated; therefore,
the quality of this data is considered to be medium.

Some LFI data rejected during the validation process have been reconsidered to
include some rejected or estimated data values in the QRA. For instance, "J" qualified
(estimated) values are used and "R" qualified (rejected) values are included if the rejection is
for administrative reasons rather than technical reasons.

The contaminants and concentrations identified in the LFI data are not necessarily
representative of all the the soil within 4.6 in 	 ft) of the surface. The maximum COPC
concentration used might be an under or over estimate of the actual concentration. Because
only one borehole was drilled for sampling, the possibility also exists that contaminants may
be present other than those identified.

Uncertainty associated with the historical or LFI data contributes to the overall
uncertainties of human health risk estimates in this QRA. The uncertainty in the
identification and quantification of contaminant soil concentrations used in the exposure
assessment is defined as follows:

"Low": analytical data were obtained from media similar to the exposure
pathway medium.

•	 "Moderate": analytical data were not obtained from media similar to the
rznnsnre nathwav meliinm.

"High": site-specific analytical data were not available. Waste sites
characterized by comparison with analogous waste sites are considered to have
"high" contaminant identification and contaminant concentration uncertainties.
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According to these definitions, the LFI and historical data used in the inges tion
pathway -evaluations were-considered to have "low" unce rta inty for the cont^-i° n;;
reported.

Uncertainty in data used to evaluate external radiation exposures was considered

"moderate" because the evaluation used toxicity slope factors that extrapolate external

radiation risks from radionuclide concentrations in soil . Direct measurements of external
radiation intensity were not available for this QRA. Because exposure via the external

radiation pathway is shown to be a major contributor to risk at many waste sites, this
"-mnderate. data uncertainty is expectedi to ..-Jonificantly impactthis QRA.

Uncertainty in data used to evaluate the inhalation pathway exposures was also

considered "moderate." The evalua tion required extrapolation of airborne dust

concentrations from soil concentrations rather than directly from concentrations in airborne
-.-_----	 uus L sa:up:w.

Contaminant identifica
ti

on uncertainty is considered to be "low" for waste sites
evaluated using LFI data, for both historical and LFI data. The COPC identified have
established release histories at the 100-BC-2 Operable Unit. Because the systema tic and/or
rnminm errors attrih»ted to the analytical methods used are expected to be minimal relative to
exposure assumptions of IISRAIW (DOE=RL 1994a), the uncertainty associated with the

- - _______ __ __ mnnk^-9n ^r:k ^^^^^^tr^v:^^^ tee..—A in ^1 "n nnnn M. .A "low."

Contaminant identification uncertainty is considered to be "low" to "moderate" for
waste sites evaluated using only historical da ta. The primary objectives of historical studies
were to investigate radionuclides in exposure media added by riamord operations. As a
result, the historical-data-reports -soil concentrations-of only-man-made radionuclides.

-	 -	 - Uncertainty might result in-either an-raver-or under es timation of rick , with a "low,"
"moderate," or "high" magnitude of error. Uncertainties in risks estimated for 100-BC-2

--	 --Operable Unit QRA waste sites are dominated by the uncertainty of the exposure assessment.
This "moderate" to "high" exposure uncertainty reflects over or under estimations of risk
resulting from the use of maximum COPC concentrations in the exposure assessment.

-__ Fairther-sampling-orxefinements in existing data cannot reduce uncertainties associated with
the exposure assessment unless the effort changes the maximum concentra tion.

---2.-6.3 Human neai& Risk Evaivauon FLOCESS

The human health risk evaluation for this operable unit considers only two scenarios;
frequent= and-occasional-use,-with three expos're patl,..,ays; soil ingestion, fugitive dust
inhalation, and external radiation exposure. Because there were no organic COPC the

_	 - inhalation of volatile -organics expos e. pathway ;; not evaluated. The use of these scenarios
and pathways was agreed to by the 100 Area Tri-Party unit managers (December 21, 1992

- —	 and February 8, 1993). The qualitative risk estimations are grouped into "high" (lifetime
ICR > 1E-02), "medium" (ICR > 1E-04 to 1E-02), "low" (ICR 1E-06 to 1E-04), and "very
low" (ICR < 1E-06) risk categories. A frequent-use scenario is evaluated for the year 2018
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to ascertain potential future risks associated with each waste site after additional radionuclide
decay. For the current occasional-use scenario, the effect of radiation shielding by the upper

2 in ft) of soil on the external exposure risk at each waste site is evaluated (WHC 1993b).

2.6.3.1 Exposure Assessment. The exposure assessment methodology is presented in
Section 2.2 and Appendices A and C of HSRAM (DOE-RL 1994a). The exposure

--- --assessment is conducted according to a conceptual site model that includes the determination
of exposure scenarios, exposure pathways, exposure parameters, exposure point

concentrations, and the quantification of exposures. The components of the exposure
assessment methodology are individua

ll
y discussed in the following paragraphs.

2.6.3.2 Conceptual Site Model. The conceptual model for the 100-BC-2 Operable Unit
includes the hypothe tical exposure pathways to human and ecological receptors at this site.
Figure 2-3 displays the site model used in evalua tion of this QRA as specified in the HSRAM
(DOE-RL 1994a). The 100-BC-2 Operable Unit QRA conceptual site model does not include
potential receptor exposures from contaminant infiltration into groundwater.

_2.6.3.3-Exposure Scenarios- -Under-current-site conditions-there-are-no residents -at -the
100-BC-2 Operable Unit and ins titutional controls prevent inadvertent intrusion into waste
sites. Exposures and associated risks presented in the QRA are not actual risks but are
estimates -of potential risks imder- frequent= or-occasional-use. The iieyaent-use scenario was
evaluated to estimate exposures to a hypothe tical residential receptor living at each 100-BC-2
Operable Unit waste site. The occasional-use scenario was evaluated to approximate the
infrequent_ exposures to hypothetical recreational users of the Columbia River and intruders
on the 100-BC-2 Operable Unit waste sites.

Future frequent- and occasional-use scenarios were also evaluated, using the
,naximum concentrations of radionuclides that were corrected for radioactive decay to the
year 2018 per agreements stated in the Tri-Parry Agreement Projects Managers Meeting
Minutes of March 19, 1992. The Tri-Party Agreement Project Managers agreed to present
information that compares the estimated risk after implementa tion of remedial alternatives,

_including varying lengthq of incrim inns) control (e.g. in the year 2018, 30 years after the
1988 initiation of the Tri-Party Agreement).

2.6.3.4 Exposure Pathways. The pathways evaluated for each waste site and scenario in
the ^vw w r-^ IAPr9l^IP ^I ^It IK {1 9TP•vYv. uv.v	 ^

•	 soil ingestion
•	 fugitive dust inhalation
•	 external radiation exposure.

No modeling of contaminant transport through the environment is used in the
100-BC-2 Operable Unit QRA as specified in HSRAM (DOE-RL 1994a).

2.6.3.5 Parameters. Exposure parameters for the scenarios evaluated in this QRA are
defined in Appendix A of HSRAM (DOE-RL 1994a). Recreational exposure parameters are
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used to evaluate the occasional -use scenario and residential exposure parameters are used to

evaluate the frequent-use scenario.

2.6.3.6 Exposure Point Concentrations. For purposes of the QRA, the maximum so il

concentration of a COPC measured within the specified depth interval (4.6 in 	 ft)) is used
as the exposure point concentration. Historical radionuclide so il concentration data were
corrected to July 1993 to a llow for radionuclide decay.

Assuming that so il excavation activities do not occur in the occasional-use s cenario,
the radiation shielding provided by clean- fill so ils covering 100-BC-2 Operable Unit waste

sites can reduce external radiation exposure of human receptors. Analyses using the residual
radioactive material guidelines and software model computer program (Argonne 1992) have
determined that radiation emitted by radionuclides located deeper than 2 in ft) would be
effectively shielded by the overlying so

il
s (WHC 1993c). Therefore, the occasional-use

scenario is also evaluated using radionuclide exposure point concentrations derived from the
maximum concentration detected in the upper 2 in ft) of soil .

------ ------ --------- -- - Air ^.-^3ticentrati6n-dataSpectf'c to-ittd4vidual waste cites were not available for use in
this QRA. The COPC airborne concentrations are estimated from their respective _maximum
soil concentrations. Fugitive dust concentrations are estimated using a particulate emission

---	 f?ctox-(PEF)-of 2E±0Z mJkg. -This- PEF conservatively assumes that the fugitive dust
concentrations at each waste site are constantly equivalent to the National Primary Ambient
Air Quality Standard for particulate matter of 50 µg/m3 (EPA 1993).

2.6.3.7 Quantification of Exposures. The methodology for the quantification of receptor
exposures in the various scenarios is presented in HSRAM (DOE-RL 1994a). Standard EPA
equations (EPA 1989, DOE-RL 1994a) are used as the basis for all intake calcula tions.
Exposures of human receptors to chemical COPC are expressed as dose rate (e.g., mg of
contaminant per kg of receptor bodyweight per day). Exposures to radionuclide COPC are
expressed as total intake in pCi.

- 2.6.-3.8 T uaic hyy Assent. The general procedures for toxicity assessment are presented
iu HSRAM (DOE-RL 1994a). The toxicity assessment for the QRA identifies
contaminant-specific systemic toxicity factors for nonradionuclide and carcinogenic toxicity
factors for radionuclide analytes.

The EPA classifies all radionuclides as Group A (known human) carcinogens.
--	 - ---Radionuclide-slope-factors are-calculated by-EPA's Office of Radiation and Indoor Air to

_

	

	 assist with-risk-related evaluations and decision-making at various stages of the remedia tion
process. Ingestion and inhalation slope factors are best estimates (i.e., median or 50th
percentile values) of the age-averaged, lifetime excess cancer incidence (fatal and nonfatal
cancer) risk per unit of activity inhaled or ingested, expressed as risk/pCi. External
exposure slope factors are best estimates of the lifetime excess cancer incidence risk for each
year of exposure to external radiation from photon-emitting radionuclides distributed
uniformly in a thick layer of soil , and are expressed as risk/yr per pCi/g so il (EPA 1993).
Table 2-8 presents the carcinogenic toxici ty factors for COPC at 100-BC-2 Operable Unit.
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2.6.3.9 Risk Characterization. The risk characterization for the QRA is conducted as
presented in HSRAM (DOE-RL 1994a). The QRA approach evaluates sites with quantitative
sampling data and sites with limited or no sampling data. Consequently, risk characterization
is discussed separately for each situation.

2.6.3.10 Risk Characterization when Quantitative Data are Available. The risk
characterization methodology provides estimates of lifetime ICR for exposures to
carcinogenic COPC and HQ for exposures to systemic toxicant COPC.

- -- The total lifetime ICRand -hazard in,—J x t.^, hi m receptors at each site is determined
by summing the-individual COPC ICR and HQ contributions from all pathways. Because the
risk characterization equation for carcinogens used in this QRA is only valid up to estimated

-	 risks of approximately TE-02 (EPA 1989), lifetime TCR estimates which exceeded 1E-02
were reported as "> 1E-02."

The total lifetime ICR for each waste site is qualitatively discussed with respect to the
following levels based on agreements by the signatories to the Tri-Party Agreement on
May 26, 1993:

•	 "high" (ICR > 1E-02)
•	 "medium" (lE-02 <ICR <1E-04
•	 "low" (1E-04 <ICR <I E-06)
•	 "very low" (ICR < 1E-06).

The major COPC and major exposure pathways contributing to total risk are
_discussed_individuallyfor-sites-9 which total lifetime TCR ezrepii 1F-06,

2.6.3.11 Risk Characterization When Quantitative Data are not Available. Waste sites
without analytical data are evaluated qualitatively. Contaminants of potential concern
releases are identified from available historical information or from process knowledge of the
waste site. Human health risks assessed at quantitatively characterized analogous waste sites
art- u. &to- estabhmsh -a Tagge _.f us w-1 Ch- --- 2 exist at the mvesugated waste site.

2.6.4 Uncertainty Associated with Human Health Risk Evaluation

The human health risks calculated in this QRA are estimates that reflect several
assumptions and related uncertainties. Uncertainties inherent in these estimated risks reflect
a combination of uncertainties in the data used, exposure and toxicity assessments, and risk
characterization calculations.

2.6.4.1 Exposure Assessment Uncertainties. The impact of the exposure assessment
uncertainties can be grouped into the following qualitative categories (EPA 1989):

un%eitainiy might alluct estimates by less than one order of
ruLuuc
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•

	

	 "moderate": uncertainty might affect estimates by one to two orders of
magnitude

•

	

	 "high": uncertainty might affect estimates by more than two orders of
magnitude.

The major contributions to exposure assessment uncertainties result from assumptions
concerning land-use scenarios, exposure parameters, exposure pathways, and soil
concentrations. Institutional controls that currently prevent frequent-use and limit
occasional-use scenario exposures are assumed to be removed. Because neither of these
exposure scenarios currently occur, risks that might occur for humans under frequent- and

-- - — — occasional-use were included to provide an upper and lower bound estimate of risk to a
reasonable maximum exposure individual.

Contaminants of potential concern in subsurface soil were assumed to be accessible to
the hypothetical receptor by all exposure pathways. Inhalation and ingestion exposures are
generally limited to COPC concentrations located near the surface. This assumption results
in over estimations of receptor exposures, especially in the occasional-use scenario, and at
sites known to be covered with clean fill.

The use of maximum soil concentrations of all COPC from the surface to a depth of
4.6 in 	 ft) introduces "high" uncertainty into the exposure assessment. Spatial
distributions of surface and subsurface COPC concentrations are not considered. Because the
maximum observed concentratioa isassutited everywhere lathe surface anti subsurfacez soil,
the potential human exposure is over estimated, especially in the occasional-use scenario.

An assumption of "infinite source" geometry is used to evaluate individual external
radiation exposures. This assumption is inherent in the EPA toxicity parameters used in this

- -

	

	 QRA (EPA-1493): - Exposures calculated using-* il assumed geometry-estimate *ho t a
hypothetical receptor would be exposed to radiation from an infinitely wide and deep soil
column uniformly distributed with the maximum concentrations of all radionuclide COPC.
Because this assumption ignores differences in radiation intensity provided from any other
distribution of COPC in soil, "high" uncertainty is introduced. At certain sites this
uncertainty causes exposures to be over estimated, and the associated "high" risks to be
dominated by the external exposure pathway.

2.6.4.2 Toxicity Assessment Uncertainties. The effects of toxicity assessment uncertainties
may reflect either under or over estimations of site risks. Uncertainties associated with the
various toxicity parameters result from:

•	 using data from animal exposures to predict health effects in humans

•- - using dose resnonse information from a homo¢eneous animal or human
- pops:.. to predict potential hPNaith Pffrrta that may occur In the more

heterogeneous general population v 
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•	 using information on dose-response effects from high-dose exposures to predict
effects at low-doses

-	 •	 using short-term exposure data to estimate effects from chronic exposures, or
vice versa.

The EPA addresses these uncertainties by assigning degrees of confidence to the
published toxicology studies for the compounds in question. An assignment of "low"
confidence indicates that a change in the toxicity parameter is expected when additional
chronic data become available (EPA 1989). An assignment of "low" confidence implies
"high" uncertainty in the toxicity assessment for this QRA. Similarly, a "medium"
confdencelies-"medium"	 A "U:..U" con afi.nnp	 uncertainty-, auu high wiuiucIICe Implies "low" uncertainty.
Tab le 4-1 includes the toxi:ologic :.I 	 associated with the COPC in this QRA.

2.6.4.3 Risk Characterization Uncertainties. The risk characterization process combines
the results of the exposure assessment with the toxicity assessment into a measure of risks to
human health at the evaluated waste site. Therefore, uncertainties inherent in the component
assessments are propagated into the risk characterization. Consequently, "high" exposure
assessment uncertainty imparts "high" uncertainty into the risk characterization.

2.6.4.4 Uncertainty Evaluation Summary. Use of conservative assumptions usually
results in over estimation of human health risk and increased_ uncertainty. _This_ approach
serves a useful purpose in this QRA by providing strict criteria for identifying the
contaminants and exposure pathways of concern at the 100-BC-2 Operable Unit. Although
these conservative assumptions serve to simplify the risk characterization process, the
resulting numerical values- do n_ot re7present Ahe - most realistic estimates of risks and hazards
to human health. The use of the numerical risk and hazard estimates in the 100-BC-2
Operable Unit QRA should be limited to comparisons with QRA for other operable units
evaluated using the same methodology (DOE-RL 1994a). Table 4-1 lists contaminant
identification and exposure assessment uncertainty for the 100-BC-2 Operable Unit.

2.6.5 Ecological Risk Evaluation Process

The purpose of the qualitative ecological evaluation is to estimate the potential
ecological risks to a selected ecological receptor following exposure to contaminants in
100-BC-2 Operable Unit soils.

The 100-BC-2 Operable Unit is a terrestrial waste unit and does not contain surface
water bodies and is not apparently subject to sheet flows from surface water runoff. The
qualitative ecological evaluation approach relies mainly on professional judgment and
experience regarding waste site stressors z appropriate ecological receptors, and primary
exposure pathways; and uses existing or limited field data. The ecological evaluation is not
an absolute measure of risk and does not warrant use of detailed -conceptual models and
pathway analyses. The operating assumption is that contaminants are present at the site and
the evaluation estimates qualitative risk from these contaminants to an ecological receptor.
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The approach used in the ecological QRA is to assess the dose to the Great Basin
pocket mouse from waste sites that have useable contaminant data within the 100-BC-2
Operable Unit (DOE-RL 1994a). The mouse is used as the indicator receptor because its
home range is comparable to the size of most waste sites and is expected to receive most of
its dose from within a waste site. This a llows a risk comparison between waste sites.

2.6.5.1 Problem Formulation. Issues relevant to evaluating the qualitative ecological risk
for waste sites within the 100-BC-2 Operable Unit are the stressor characteristics, the
ecosystems-likely to be affected by these stressors, and the-possible eaucts on the pocket

mouse from exposure to physical and chemical stressors.

2.6.5.1.1 The Conceptual Model. Based on the descriptions of ecological resources
present at or near the 100-BC-2 Operable Unit waste sites, and assuming a contaminant
source limited to the soil, a conceptual ecological model can be derived for the key
ecological resources in Figure 2-4. - in general,-uptake  of contammants IIom sou by
vegetation serves as the primary source of contaminant entry into the food chain. Only
major routes of exposure to contaminants are considered for the QRA. For contributions to
dose rate,-radionuclides are screened-for those which 	 ad" SigrufiCant exteinal 1onlZing
radiation. Contributions to dose by inhalation and ingestion via preening or grooming_

-- -- - contaminated fur are not documented and are assumed to be minimal for the QRA.

The approach taken in the QRA is to evaluate risk for the small herbivore component
--- ..,	 based	 - o ,. nnil_fn..n1.a +

- - --	 (Great Basin pocket based on a two-step accumulation m	 e.b., so..-top.o..'

plant-to-mouse). Equations relating to dose rate calculations for prima ry and secondary
organisms are reported in DOE-RL (1994a). The accumula tion model is operated on a
site-by-site basis. Because the home range of the mouse approximates the size of each of the

-- - - -- waste sites fDOE-RL 1994a) , the mouse is assumed to be exposed to contaminants within the
specific waste site during most or all of its lifetime.

Estimating ecological risks from contamination is problematic when considering
animals whose habitat use extends beyond the operable unit boundaries. For example, the
116-C-2C pluto crib sand filter encompasses a relatively sma

ll
 area within the much larger

100-BC-2 Operable Unit. The other waste sites are separated from each other by areas
where contaminant concentrations are unknown, but are likely to be much lower than those
found in the separate waste sites. Consequently, the environment outside the 100-BC-2
Operable Unit as used by most of the wide-ranging animals in the conceptual model is likely
to be a mix of contaminated and uncontaminated habitats.

2.6.5.1.2 Stressor Characteristics. The stressors of concern are identified as those
-1 : -- L--'_-- • a —	 no barkurmmrl are---	 _-	 coninants-ex- -- ^n*^nt^^atef,ucs. ^,::u^:^«^.;^,t^uL,- _

included in the QRA on Tables 2-4 through 2-7. A discussion of the identifica tion of
stressors above background and their concentration are given in Section 2.6.1.

Contaminants found in the 0 to 4.6 in to 15 ft) interval soil samples at waste sites
Wit  *yhe im BC-2 Operable Unit include only radioactive elements (only radionuclides
were analyzed). A

ll 
historical radionuclide concentrations were decayed to July 1993.
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Radionuclides can induce ecological effects as a result of their presence in the abiotic
environment (external dose rate) and by their incorporation into the body (e.g., internal dose
rate from consumption of contaminated food). The total daily radiation dose rate to an
organism can be estimated as the sum of doses received from ail' radioactive elements
ingested, residing in the body, and available in the organism's environment. The
radiological dose rate an organism receives is usually expressed as rad/day. Because
exposure to radiation can result from both external environmental radiation and internal
radiation (DOE-RL 1994a), the radiation dose from each of these pathways must be summed
to determine the total dose to the organism.

2.6.5.1.3 Receptor Selection. Typically, in a quantitative risk assessment, several
trophic levels and several ecological receptors within the foodweb are selected for study in
order to encompass receptors of varying sensitivity, to assess different endpoints, and to

- - evaluate contaminant ^ s-port through different pathways. For *he mial:ft*^Je ecological
evaluation, generally only one receptor is used for limited exposure scenarios and simple
endpoints. The ecological receptor used in this QRA is the Great Basin pocket mouse.

2.6.5.1.4 Endpoint Selection. Endpoints are classified as either assessment
endpoints or measurement endpoints. As stated in Framework for Ecological Risk

- — --Assessment (EPA 1992), "Assessment endpoints are explicit expressions of the actual
-environmental-value that_is-protected.--Measurement-endpoints are measurable responses to a
stressor that are related to the valued characteristics chosen as the assessment endpoints."

- - - _ Only-measurement- endpoints are examined for	 the Great Basin pocket mouse. This is
consistent with the objective of the qualitative ecological evaluation. The dose rate to the
pocket mouse was used to screen the level of risk at an individual waste site. For
radionuclides, the dose rate to a mouse is compared to 1 rad/day (IAEA 1992) (DOE

------- -_ Order 5400.5). NonradiologicaLcontammants were. not analyzed in the 0 - 4.6 in - 15 ft)
soil depth interval in this QRA, therefore; exposures were not calculated or compared to
toxicity values.

2.6.5.2 Analysis Phase. The analysis phase of the qualitative ecological evaluation is a
technical evaluation of the available data used to assess the potential of exposure of Great
Basin pocket mouse to the stressors at each waste site.

2.6.5.2.1 Charaderization of Exposure. This section focuses on the development
of the exposure relationship between receptor and site contaminants. It is assumed that the
radionuclides are uniformly distributed over the site and are biologically available.
Receptors are exposed to the maximum contaminant concentrations obtained from the LFI
sampling efforts from historical studies.

2.6.5.2.2 Exposure Analysis. This analysis assumes that the receptor spends its
entire life in the site, obtains all its food from the site when present, and all consumed food
is contaminated. However, because there is no source of water within the site (nor is it a
requirement for the pocket mouse), drinking water is not considered a route of exposure.
The ecological evaluation focuses on potential adverse effects on the Great Basin pocket
mouse to constituents present in the 100-BC-2 Operable Unit waste sites. Terrestrial
vegetation is represented as a generic plant species exposed to soil contaminants. The major
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route of exposure of plants to waste site COPC was assumed to be d irect uptake of
contaminants from soil. Plants were assumed to be the sole source of food for the mouse.
Table 2-9 provides general parameters used for ecological dose equations for COPC at the
i0u-BC-2 Operable unit.

The radiation dose rate is based on receptor whole-body concentrations. These
stressors are assumed to be bioavailable for u ptake by vegetation, which is consistent with
the objectives of the QRA.

	

- -	 -- - -In general, for-organisms whose bnmr. range is smaller than the operable unit, it is

	

--	 assumed that innoL of tbeirdi et con°°isted of contaminated foodstuffs. However, for
organisms spending a fraction of their time feeding within the operable unit, a usage factor is
calculated based on the proportion of their home range that the operable unit could
encompass. The usage factor for the Great Basin pocket mouse by waste site is assumed to
be one in this evaluation. An example calculation for radiological dose is also shown in
HSRAM (DOE-RL 1994a).

2.6.5.2.3 Characterization of Ecological Effects. Toxic responses can be induced
in mice exposed to ionizing radiation. This characterization analyzes the relationship

- - -	 between the stressor-and assessment and m P, a.curement end-nints. Because site-specific
toxicity data are not available, potential adverse effects of These agents on the mouse were
predicted based on toxicity data in the literature. The only regulatory standard for
radionuclides in the environment is contained in DOE Order 5400.5, which adapted IAEA
(19Q21 rPrnmmenriat;onc to limit exposure to aquatic organisms to < 1 rad/day. This
recommended dose limitation was used as a default value to establish the environmental HQ
for radionuclides for the mouse.

Because nonradiological data was not evaluated in this ecological QRA, chemical
toxicity to the pocket mouse and intake values for a given contaminant were not compared to
the no observable effect level (DOE 1992).

2.6.5.3 Environinental Risk Characterization. The risk characterization phase evaluates
the-likelihood of an-adverse effectrt(rthe-pocket mouse.--The purpose of this section is to
integrate the receptor dose or intake values for the COPC with expected biological responses
and describe the significance of risk to the various ecological receptors. The risk to the
Great Basin pocket mouse was estimated by calculation of an environmental hazard quotient
(EHQ). The EHQ was based on a comparison between identified benchmark of 1 rad/day
for radionuclides and calculated animal dose or intake. The relationship between the
benchmark and estimated dose or intake was expressed as an EHQ.

EHQ = Organism's Dose
1 rad/day

The EHQ ratio is used to assess potential adverse effect to an individual animal. For
example, an EHQ that approaches or exceeds unity would strongly indicate a potential
adverse effect to an individual.
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2.6.5.4 Interpretation of Ecological Significance. The approach presented for the QRA at
the 100-BC-2 Operable Unit waste sites screened the potential radiation dose to the pocket
mouse. The screening, or qualitative, approach models COPC uptake from soil-to-plant to
the mouse. The ecological significance of the QRA is limited because few biological field
data exist to support or refute predicted impacts on individuals. In addition, without field
data -it is difficult to ascertain impacts at the population or community level of organization.

2.6.6 Uncertainty Associated With Ecological Risk Evaluation

The uncertainty associated with the approach used in the qualitative ecological
evaluation for the 100-BC-2 Operable Unit waste sites is significant because data used as a
source term was assumed to be available for uptake by site vegetation. In addition, the waste
sites are primarily covered with cobble or gravel which limits the amount of vegetation
available for use as an ecological foodstuff. Modeling from soil to the pocket mouse
required a number of assumptions including soil-to-plant transfer factors or coefficients. A
review of the literature produces a range of values. To take the conservative approach, in all

- -case$ ttte htglte$ttlaDsfe€ fact(iI was -used. Other -assumptions ,a Iudc -.+;__+; g the time
that a receptor spends feeding within the unit and that all foodstuff consumed is
contaminated. The highest dose is used to assess qualitative risk, although in reality the dose
is somewhere between these boundaries. With regard to radionuclides, radioactive decay
was not considered after incorporation and it was assumed that all radionuclides are
uniformly distributed throughout the body of the mouse. Each of these uncertainties
contribute to the overall degree of uncertainty associated with the ecological evaluation.

2.7 IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

---	 --__Section 124(d)_of_CW-LA, as-amended by th e. S„pP rfi,nd AmPndmemS and
Reauthorization Act of 1986, requires that fund-financed, enforcement, and federal facility

-_- remedial actions comply withARAI-in_federal_environmental laws and More stringent
promulgated, state .°II9nY'IIIItenta 3I fa.^Siity $iuig mw$.

Comprehensive Environmental Response Compensation and Liability Act defines
applicable requirements as those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state lawthat specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA site. Relevant and
appropriate requirements are those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under
federal or state law that, while not "applicable" to a hazardous substance, pollutant,

_contaminant_, remediaLaction,location, or_other circumnstance_at a C ERCi.A site aridress
problem or simmtiuII sufficiently similar to those encountered at the CERCLA site that their
use is well suited to the particular 'site.
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In addition to ARAB, CERCLA also provides for the consideration of
to-be-considered (MC) guidance, non-promulgated advisories or guidance documents issued
by federal or state governments that do not have the status of potential ARAR but which may
be considered in determining necessary levels of protection of health or the environment.

Applicable or relevant and appropriate requirements may be further subdivided into
the following categories:

Chemical-specific requirements - health- or risk-based numerical values or
methodologies that, when applied to site-speck conditions, result in the
establishment of numerical values. If a chemical has more than one such
requirement that is ARAB, compliance should genera

ll
y be with the most

stringent requirement.

•	 Location-specific requirements - restrictions placed on the concentration of
hazardous substances or the conduct of activi ties solely because they are in

--	 -	 --	 specific locations,- such-aS wet1nndc nr hi -ctnric tn1nrP.Q

Action-specific requirements - technology- or activity-based requirements or
limitation on actions taken with respect to hazardous wastes. These
requirements are triggered by the par ticular remedial activities that are selected

to accomplish a remedy.

Potential chemical- and location-specific ARAR are defined during the field
investigation portion of the CERCLA process and refined in the FS and proposed plan.

-Action-speciftcARIR-are .-ner?lle defined during the phase I and II FS and redefined in
- -etatled analysts and the proposed plan. Potential ARAR and TBC in all categories are

defined in the 100 Area Feasibility Study Phases I and 2 (DOE-RL 1992c). For purposes of
this LFI, only the chemical- and location-specific ARAR are discussed. The ARAR are
presented in Tables 2-10 through 2-15.

Chemical-specific ARAR for soils are limited to those levels for hazardous
constituents prescribed in the state's Model Toxics Control Act (MTCA). Currently, MTCA

----	 -- - - has not defined levels far radionuclides. Additional soil limits are presented in Subpart S of
RCRA for hazardous cons

tituents and in DOE Order 5400.5 for radionuclides. These are
-- -- - -considered TBC for the 100 Area operable units. Potential chemical-specific ARAR for air

emissions are also identified for the 100 area; however, these tend to also be based on
specific actions which have a tendency to increase releases to the air. Therefore, these are

more appropriately addressed in the focused FS. Potential chemical-specific ARAR are listed
in Tables 2-10 and 2-11: TBC are included in Table 2-12.

Poteu, i^l location-specific ARAR are identified for the 100 Area because of the
presence of threatened or endangered species and archaeological resources. In addition,

potential location-specific ARAR based on possible impacts to wetlands and floodplains are
- — -- - — --- included.— These are-described in Tables 2-13 and-2-14: TRC are in Tah1 n. 2-15.
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This discussion of potential ARAR is intended to be a refinement of ARAR presented
in the work plan. Additional evaluation of potential ARAR will be done in the FS phase.
Final ARAR will be determined in the ROD.

There are no potential ARAR for radionuclide contaminants. Because only
radionuclides were sampled and detected within the 0 to 4.6 in 	 (0 to 15 ft) interval of
consideration, no comparison of contaminate concentration to potential ARAR was done
during the LFI/QRA evaluation process.
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Figure 2-1 Conceptual Hydrostratigraphic Colntnn for the 100 B/C Area
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Figure 2-2 Location of the 199-B9-4 Borehole within the 116-C-2A Pluto Crib
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Figure 24 Conceptual Model of Terrestrial Foodweb Relationships
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Table 2-1 100-BC-2 Operable Unit Characterization Activities (Page 1 of 2)

TASK -	 TITLE WHERE ADDRESSED

1 PROJECT MANAGEMENT Accomplished throughout project

2 SOURCE INVESTIGATION

`-2a-- Source -Data -Cstmpilation and Background information is incorporated into the
J--	 - -	 -- --Review work plan , QRA and LFI reports as

apps-ophate.

2b Geodetic Control Coordinates and locations of sampling sites are
documented in the LFI report (Chapter 3).

2c Field Activities Source sampling results for the 116-C-2A Pluto
Crib are in the LFI report .

2d Laboratory Analysis and, Data Analytical results and data va lidation are
Validation documented in data va

li
dation reports

referenced in Chapter 2 of LFI report

2e Source Data Evaluation The data was evaluated for use in the QRA and
also evaluated in the LFI report .

3 GEOLOGIC Coordinated through the 100-BC-5 operable
u:: ̂ :;GATION unit tasks.

4 SURFACE WATER AND No surface water and associated sediments are
SEDIMENTS included within the boundaries of the 100-BC-2
rThTVPcTTr.a'rrnAl..^..a. ' ale Unit.

S
-

Venn_cF_ 7n?_
INVESTIGATION

Sa —Data Compilation See subtask 2a

5b Borehole Soil Sampling and Results of the borehole investigations are
Logging presented in the LEI report (Chapter 3).

Borehole logs are displayed in the figures in
LFI report (Chapter 3).

5c Soil Sample Analysis The analysis and validation are documented in
the data validation reports referenced in LFI
report (Chapter 2).

-5d Geophysical Logging- - The results of the geophysical logging are
reported in the LFI report (Chapter 3, and
Appendix A).

-5r	 =-	 _ -D=t= The data was evaluated for use in the QRA and
also evaluated in the LFI report.
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Table 2-1 100-BC-2 Operable Unit Characterization Activities (Page 2 of 2)

TASK TITLE WHERE ADDRESSED

6 GROUNDWATER Performed as part of the 100-BC-5 operable
INVESTIGATION unit activities.

7 AIR INVESTIGATION Routine health and safety monitoring was
performed during the field activities.

8 ECOLOGICAL A discussion of the ecological investigation is
-_ INV, EEMCIATION included in the IXI report (Section 2.2.2).

9 OTHER TASKS

9a Cultural Resource A discussion of the cultural resource
Investigation investigation is included in the LFI report

10 DATA EVALUATION Evaluation and interpretation of the data is
accomplished in the QRA and LFI reports.
The evaluation of the data for other purposes
such as Large Scale Remediation, FS activities
and treatability testing is ongoing.

11 RISK ASSESSMENT The data generated during the LFI was used in
the QRA and will be used in the baseline risk

------------ assessment in 	 ruiure.

l la Human Health Evaluation QRA and summarized in LEI report (Chapter 4)

1 l Ecological Evaluation QRA and summarized in LFI report (Chapter 4)

12 VERIFICATION OF ARAR will be addressed in the FS report and
CONTAMINANT-AND FFS report.
LOCATION-SPECIFIC ARAR also discussed in LFI report (Section
ARAR. 2.7).

13 LFI REPORT Subject of this report.

ARAR - applicable or relevant and appropriate requirements
FS - feasibility study
FFS - focused feasibility study
LFI - limited field investigation
QRA - qualitative risk assessment

2T-lb
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Table 2-2 Summary Statistics and Upper Threshold I.hnits for Inorganic Analytes

Analyte 95% 95% UTL°
Distributiorf

(a^g)
(nwjw

fllmnimnn 13 R00 15,600

Antimony NR 15.7c
Arsenic 7.59 8.92
Barium 153 171

Beryllium 1.62 1.77

Cadmium NR 0.66,
Calcium 20,410 23,920

Chromium 23.4 27.9
Cobalt 17.9 19.6
Copper 25.3 28.2

Iron 36,000 39,160
Lead 12.46 14.75
Magamum 7,970 8,760
Manganese 562 612

Mercury 0.614 1.25

Nickel 22.4 25.3
Potassium 2,660 3,120

i	 Selenim- NR c=

4I
I	 2.7

Stiodium 963 1,290

Thallium NR 3.71

Vanadium 98.2 111
Zinc 73.3 79
Molybdenum NR 1.4c
Titanium 3,020 3,570

Zirconium 47.3 57.3
Lithium 35 37.1
Ammonia 15.3 28.2
Alkalinity 13,400 23,300
Silicon 108 192

Fluoride 6.4 12
Chloride 303 763
Nitrite NR 21,
Nitrate 96.4 199
Ortho-phosphate 3.7 16
Sulfate 580 1;320

Source: Hanford Site Background: Part 1, Soil Background for Nonradioactive Analytes,
-	 - - DOWD n1.-92 24, Rte.. 1, DL6tl, U.S. Department of Energy, Richland, Washington.

NR= Not Reported
95th percentile of the data for a lognormal distribution

° 95 % confidence limit of the 95th percentile of the data distribution
Limit of detection

UTL: upper threshold limit

2T-2
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Table 2-3 LFl Activities for 100-BC-2 Operable
-	 Investigated Waste Sites

Site	 .. Name - Size Comments LFI Approach

116-C-2A Pluto Crib Received cooling water from B, C, G, F, H
7 x 4.9 x 1.5 m deep process tubes affected by fuel

cladding failures and effluents
from the C Reactor building

116-C-2B Pluto Crib Pump Station Pumped liquid wastes from the N, H
-	 -	 -	 — 1_< 

=
A x 0.1 m -	 -	 __- -- __

A
- C- Reactor - building to 

the canA

filter and pluto crib

116-C-2C Pluto Crib Sand Filter Received cooling water from N, H
11.5 x 5.5 x 5.5 m process tubes affected by fuel

cladding failures and effluems
from the C Reactor building

118-13-1 Solid waste Burial Ground Contains solid reactor wastes R, N, H
305 x 98 x 6 . 1 m deep from 100 B and 100 N Areas

118-C-1 Solid WasteBurial

rite
R, N, HII

I 	122  	m deep I OS^Resolid building
I

A

B: Vadose zone borehole - dri
ll

ing, geologic logging, and sampling
- -	 -	 -- - C: Inorganic chemical and radionuclide analysis

G:- Borehole-spectral gain= ray gwPhy-M: :̂ log
F: Field screen for radioactivity, volatile organic compounds and hexavalem chromium

R: Ground penetrating rad ar and Blectro magnetic induction surveys
N: No inmisive investiga tions
H: Historical data review
LFI: limited field investigation
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Detested Inorganic Meamtan Sob Maximues Solt Maximum Sod Hanford Sob Human Hea
lt
h Amalyea Rahn for Aoalyla Status

Aaalyte concentration Cohrcastration Coaraatratioo Background Risk-Based Human Heal(h Risk for Ecological
0'a' (weft) 6'-15' (mgftl 23'-57 1(mglkg) Concentratian (Screening Evaluation (b) Risk Evaluation

(mglkg) eoncentration(a)
(mghg)

Aluminum (e) (e) 613011 15600 (d) Removed (d) Removed (d)
Arsenic' (c) (e)'' 2.4 8.92 ,(d) Removed (d) Removed (d)

.Ba rium (c) (c) 76.1 171 (d) Removed (d) Removed (d)
Beryllium (e) (e) 0.310 1.77 (d) Removed (d) Removed (d)
Cadmium (c) (c) 2.2 0.66 (e) (d) Removed (d) Removed (d)
Calcium (c) (c) 9400:1 _I 23920 (d) Removed (d) Removed (d)

Chmmiium (c) (c) 235 27.9 (d) Removed (d) Removed (d)
Cobalt (c) (e) 14.2. 19.6 (d) Removed (d) Removed (d)

' Iron (e) (c) 2790CI 39160' (d) Removed (d) Removed (d)
Lesd (c) (c) 4.0 14.75 1 (d) Removed (d) Removed (d)
Magnesium (c) (e) 4780 8760	 1 (d) Removed (d) Removed (d)
Msnganare c (c) 361	 ' 6 1 2	 1 (d) Removed d Removed (d)

Mercury (c) (c) 0.055 1.25	 1 (d) Removed (d) Removed (d)
Nickel (c) W 17 25.3 (d) Removed (d) Removed (d)
Potassium (c) (e) 989	 'î 3120 '(d) Removed (d) Removed (d)
Silver (c) (c) 1.1 B 2.7 (d) Removed (d) Removed (d)
Vanadium (c) (c) 63.3 111 (d) Removed (d) Removed (d)
Zinc (c) (c) 188)

^asaa
79 (d) Removed (d) Removed d)

Detected 112 Ufa Mauimum Soil MaAanew So ll Meekness Sod Mallard Sell Human Health Analyte
,Radionuclide (Years) Concentration Concentrative Concentra

ti
on Background Risk-Based Stalin fore,

' Analyse O'-16' (OCUg) W-13" (pCUB) 23'-57 1 (pCUg) Concent
ra

tion Screening Human Wealth
(PCU8) Concentration(.) Risk

(PCUg) Evaluation(b)

Grove Alpha (c) (c) 23 R(g) NE (d) Removed 1'd)
Gross Beta (c) (c) 850 R(l) NE (d) Removed (d)
Am aricium-241 432.2 (c) (e) 0.91 R(g),I(g) NE (d) Removed (d)
Carbon-14 5730.0 (c) (e) 63 R(g),;(g) NE (d) Removed (d)
Cobalt-60 5.3 (c) (c) 210 RQ) NE (d) Removed (d)
Europium-152 13.6 (c) (c) 690 R( )• NE (d) Removed (d)

Europium-154 8.8 (c) (c) 73 R(g) NE (d) Removed (d)
Europium-I55 5.0 (c) (e) 4.9 R(g) NE (d) Removed (d)
Nickel-67 100.1 (c) (c) 5500 R(g),I(g) NE (d) Removed (:d)
Poduium-40 1.36+09 (c) (c) 23 Rig) NE (d) Removed (d)
Plutonium-2791240 24000 (c) (c) 0.074 R(t),l(d) NE (d) Removed (d)
Radium-226 1600.0 (c) (c) 0.36 R(g) NE (d) Removed (d)
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(a)
(b)
(c)
(d)
(e)
10
(9)
R
1
NR
B

LFI
Note:

M
Cr

ra
N

"' A

A^
N

b
eC,e r^'i
O O

n ^
b

O' w
r^

o
A

^a
A
N
O (((rdbbb

v

rO

^o

i
N

0

i  now s em =

Detected Ila Urn Mardmm Soil Maxhrmm Sell Maximum So
il

Hartford Soil Htmm HooM Analyte
RaAlowxHde (lfem) Concen tration Constantine ConcentratFoa Background Risk-Based Statue for
Aaudyle (cant) 0'-6' (pCilg) '6'-113' (pCUll) 23'-57' (pCj1g) Concentration Screening Human Health

(WCUg) Camceohmdon(a) Rick

(FOCl/9) Evalua tion(b)
:	 . yam a >se^a : m^ ass

Strontium-90 211.6 (c) (c) 92 R(g),1(g) Nil (d) Removed (d)
Thorium-229 1.S (c) (c) 0.93 R(g) Nil (d) Removed (it)

Thorium-232 1:A6+10 (e) (c) 0.60R(g)	 ' NI:^, (d) Removed (d)

Uranium-233/234 ^,2;5E+05 '(c) (c) 0.57R(g),1(g) Nil (d) Removed (d)

Uranium-238 ,41: 3 10 +09 (c) (c) 0.32 R(N)J(J) Nii ld) Removed (d)
:ate a: ^o ®o x s •mom e®

Detected Maximum Soil Ma
xi

mum Solt Maximum Son Henford Son Human Health AnalytriSlattn
Nfet Chemist ry Concentra

ti
on I Caocenaralbni ConcentraUbn Background Rblk-baud for Humms

and Adorn 0'a' (pCUg) ^6'-IS' (pCif9) 23 1-57' (pCUg) Concentration Screening IleaNh Risk
mli^g (pl:Ug) Cancentration(s) EvahuatienRu)

ea.^ 'm®eau a®
 I.p„ICU^ _

Sulfate (c) .(o) 22 1320 (d) Removed (d)
NO2INO3

.s
(c) I (c) 4.72

ss
1919(0

s
(d)
sx

Removed (d)

Represents the most mmOctive risk-based sc reening concentration board on contaminate carcinogenic proportion.
Contaminants retained after the risk-based sc reening are conuminaats of potential concern .
No samples taken, top of crib eoconreenxi at 19.7 A.
Field screening indic ated no kontamisatlon (between 0-15 ft.
Represents the limit of de to c6on cone antion
Represents the Hanford Site background continuation for nitrate only
Qual ified by validatom for administrative manna due to incomplete docume nt transfe r, value used per Westinghouse Hanford Company instructions.
Rejected value
Est imated value
Background concentrations ace not established
Detected concentration bcknv contract mqulred, deteetion limit
limited field investigation	 i
See Section 3.2.1 for wo ts suite and sample decriptioa.
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Detected

Radiontudde
Analyle

1/3 Life
(Yearn)

Maximum
Concentration
1975
0'-6' (PCilg)

Maximum
Concen tration
1975
6'-15' (pCi1g)

Maximum
concentration
1975
30' (pCl/g)

own

Hanford Soil
Background
Communica tion
(Pci/g)

Human Health
Risk-Baud Screening
Conrentration(a)
(pCUB)

Atmlyte Status
for Human
Health Risk
Evakratiem(b)

Asuyte Statue
for Ecological
Risk Evaluation

Tritium (H-3)- 12.3 (e) (c) 48 NE (d) Removed (d) Removed (d)

Cobalt-60 3.3 (c) (c) 0.54 NE (d) Removed Qd) Removed (d)

Strrontium-90 28.6 (e) (c) 2.2 NE (d) Removed (d) Removed (d)

Ce sium-134 2.1 (c) (c) 0.25 NE (d) Removed (d) Removed (d)

Cesium-137 30.2 (c) (c) 0.24 NE (d) Removed i(d) Removed (d)

Eumpium-152 13.6 (e) (c) 4.5 NE (d) Removed (d) Removed (d)

Eumpium-155 5.0 (c) I	 (e) 0.52 NE (d) Removed (d) Removed (d)

Plutonium-239/240 241311 (e) (c) 0.42 NE (d) Removed (d) Removed (d)

(a) Represents the most rest rictive riek-screening concentrations based on contamina nt carcinogenic properties.
(b) Contaminants retained after the risk-bond screening are contamina nts of potential concern .
(c) No samples taken, top of c rib was encountered at 18.71 R.
(d) No samples taken between 0 and 15 ft, therefo re no concentrations arc available
NE	 Background concentrations are not eskblished
Note:	 See S

ec
tion 3.2.2 for wank mite and sample desc riptions
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Detected
Radionuclide
'Aaalyte

1 /2 Life
(Yrs)

s
]mwdmum
Cont.
197!1
0'-61 (pCl/g)

ee
Nlaxhduim
Conc.
Ms
15' (pCVg)

ee
Maximum.
Conc. 1975
> 15'
(pCVg)

=
Maximums
Conc.
1993
6'-15' (pour.)

_
Hanford Soil

Background
Couc.	 ^	 ''

(pCi/g)

Human Health
Rick-Bash
Screening, Conc.
(a) (pCl/g',)

e
Analyte Statuh
for Human
Health Risk
Evaluadon(b),

Amlyle Status
for Ecological
Risk
Evaluation

l7oball-60 5.3 (c) 34 5200 3.5 NE 4. 11E-04 Retained Retained

Nickel-63 100 (c) NA_ 78 __ _ NE Removed (d) Removed (d)

Strontium-90 28.6 (c) 0. 1 140 '_ 0.07

_

NE 2.1 Removed (e) Retained

iLesium-134 2.1 I;c) NA 64	 '

_

NE Removed (d) Removed (d)

Cesium-137 30 (c) 0.54 66 0.36

_

NE 2 . 1E-03 Retained Retained

iEmopium-152 13 . 6 (0) 0.46 83 0.19	 .'_ NE 1.2E-03 Retained Retained

'.Buropium-154 8 .8 (c) 0.66 2500 0.17

_

NE 1.0&03 Retained Retained

]Europium-155 5 (c) 0.065 48 0.0058 NE 7AR-02 Removed (d) Removed (d)

Plutonium-239/240 24131 (c) NA 0 . 59 _ NE Removed (d) Removed (d)

Total Unnium (c) NA 0.16

_

_

_

NE	 _ Removed (d) Removed (d)

(a) Represents the most restrictive risk-screening concentration based on contaminant carcinogenic proper ties
(b) Contaminants retained after the risk based screening are contaminants oi' potential concern .
(c) No samples taken, top of crib encountered at 18.71 ft.
(4)	 No analyte concent rations detected between 0'-15'
(e)	 Below risk-based screening concentration

NE	 Background concentrations are not established
NA	 Not analyzed
Note:	 See Section 3.3.1 for waste site and sample descriptions.
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Batteries!

Radtonxdde
Anslyte

lnt Life
(Yn)

Mndiemm
Cape.

1975
0'-6' (pCUg)

19sodmum
COW.

1973
15' (pCl/g)

Mndmam
Con. 1975
> 1S'
(PCUe)

Madmtm
Cox.
1993
6'45' (POI11)

Hanford Soll

Background
Con.
(Pci/g)

Hanson Health
RWe-Bared
Screening Con.
(a) (PC)/g)

Analyle Status
for Human

Health Risk
Evaluation(h)

Aedyle Statue
for Ecologic al

Risk
Evaluation

Cobahfi0 5.31 (c) 34 5200 3.5 NE 4.8E-04 Retained Reta ined

Nickel-63 100 (e) NA. 78 NE Removed (d) Removed (d)

Strontium-90 28.6 (c) 0.1 140 0.07 NE 2.1 Removed (e) Retained

Cesium-134 2.1 (c) NA. 64 NE Removed (d) Removed (d)

Cesium-137 30 (c) 0.54 66 0.36 NE 2,1E-03 Retained Retained

Europium-152 13.6 (e) 0.46 83 0.19 NE 1.2E-03 Reta ined Retained

Europium-154 1.8 (c) 0.66 2500 0.17 NE I.OE-03 Reta ined Re ta ined

Eumpium-155 5 (e) 0.065 48 0.0058 NE 7.1E-02 Removed (d)

Plutonium-2391240 24131 (e) NA. 0.59 NE Removed (d)

Remove

J(d)

Remove

Taal U ranium (c) NA. 0.16 NE Removed (d) Remove

(e)	 Represe
nts the most rest rictive risk-screening concentration bated on contamiam carcinogenic prope rt ies

(b) Comaminium re tained after the risk-based wereeninl; are contaminants of potential concern .
(c) No samples taken, top of c ri b encoumered at 18.71 ft.
(d) No nalyte concentrations detected between 0'-15'
(e) Below risk-bawd screening concentration
NE	 Background concentrations are not es

ta
blished

NA	 Not analysed
Note:	 See Section 3.3.1 for waste site and ample dewripi ions.
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Radionuclide	 Weight of	 Type of Cancer	 Oral SF (a)	 Inhalation SF (a) 	 External SF (a)
Anelyte	 Evidence	 (PC4°	 (pCi)"	 pCi-yrfg-'

Classitiicalioin

-	 Y

Cobalt-60	 A(b)	 1.5E-11	 _	 I.SE-;10	 8.6E-06

Strontium-90	 A	 3.6E-11	 6.2E-,I1	 (c)

Cesium-134	 A	 4.1E-11	 2.8E•11	 5.2E-06

Cesium-137	 A	 2.8E-11	 1.9E-.11	 2.0E-06

Europium-152	 A	 2.1E-12	 1.1E-;10	 3.6E-06

Europium-154	 A	 3 .0E-12	 1.4E-10	 4.1E 06

Plutonium-238	 A	 2.2E-10	 3.9E-08	 2.8E-11

Plutonium-239/2:40 	 A	 2.3E-10	 3.BE•OB	 2.7E-11

(a) Health Effects Summary Tables (Health Effects Assessment Summary Tables: Annual iFY--1993, OIJEAA /ECHO-CIN-909, March 1993, U.S-
Environmental Protection Agency, Office of Emergency and Remedial Response, Washington, D.C.).

(b) Group A Weight -of-Evidence; Human Ca rcinogen
(c) No external exposure slope factors
SF	 Slope Factor

Not determined. The carcinogenic potential of these contaminants is based on the fact that they emit ionizing radiation. U.S. Environmental
Protection Agency does not cite direct epidemiological evidence linking these radionuclides with a particular form of can cer (56 Federal Regulation
331050).

Note: Radionuclide slope factors account for the cont ribution of radioactive daughter products, as indicated in HEAST.
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Contaminant Biological ]Physical,	 Mev	 nt Transfer	 Raction Uptake:
halnife (days) haiinife (days)	 (absorbed enerlgy for7ftlor

2-cm diameter spheue)

Radionuclides

Cesium-137 7.5(t) 1. 1011+04 b) ~0.2'.67(a)(c) 0.62(h) 1(m)
Cobalt-60 9.5(a) 1.92E+'03	 ) 0.237(s) 0.5(g) 0.3(m)
E uropium-152 635(x) 4.96E+03	 ) 0.12(p) 0.0111(8) O.t101(m)
Europium-154 635(x) 3.21E+03^b) 0.3I1(s) O.0111(g) 0.001(m)
Eiropium-155 635(a) 1.111114-03(b)31b) 0.061(a) O.0111(g) 0.001(m)

uutonium-238 65000(x) 3.20E+-04 b) 5.51(x) 0.0'7(8) 0.001(m)
utonium-239 65000(a) B.TBE+06(,b) 5.15(a) 0.0'7(g) 0.001(m)

lutonium-240

Lstitlitium
65000(x) 8.78E+-06(b) 5.15(x) 0.07(g) 0.001(m)

rontium-90 244(0) 1.06E+-04(6) 1.14(a)(c), 190) 0.3(m)
 (H-3) 10(a) 4482.(b) 0.0058(x) 4.8(i) 1(m)

(a) Baker and Soldat(1992)

(b) Shleien (1992)

(c) includes the decay products in the energy absorbed.
(d) Parameter are continually revised with now information and are subject to change.
(f) value for Cesium calculated as Y = 3.5 (massf' (Digrotlorio et A. 1978)
(g) Coughtrey et al. (1985)
(h) Miller et W. ( 1977)
(i) W'hicker and Schultz (1982)
(j) Rouston and Cataldo (1978)
(k) Cataldo and Wildung (1978)
(m) ICRP ( 1959) for standard man
(n) assumptions used in ecological dose equations:

assumes mouse consumption of 63 grams/day vegetation by using O.157 s Mass(kgf" (Calder 1984)
assumes mouse weight of 23 .5 grams (Burt and Otossenheider 1976)
assumes dry-to-wet plant conversion of 0.32 ( FE1NP-SWCR-6 FINAL 1993)

(o) Reichle et al. (1970)
(p) update to database from Baker and Soldat (1992)
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Description

saaesse

aCikfion

A/

RATA

aei	 sseaas

Requirements
sees:	 ^

ate:--ee

Remarks
ar®a rs	 :aaae^aa

Atomic Energy Act of 1934, 42 U.S.C., 	 20,11 Authorizes DOE to act standards audl rostrlctlons governing
as amended at seq. facilities used for research, development, and utilization of atomic

energy.

Radiation Protection; 40 CAPE Part .191 fletablishos standards for management and disposal of high-level
Standards and transuranic waste and spent nuclear fu el.

Standards for 40 CIPR 1191.03 A ptequtna that management and storage of spent nuclear fuel or Applicable to wastes disposed of after
Management and high-level or transuranic radioactive wastes at all belittles for the November 18, 1985.
Storage disposal of such fuel or waste that am operated by the DOE and

that are not regulated by the Comtniedon or Agreement States
shell be conducted in such a manner se to p rovide reasonable
assurance that the combined annual dose equivalent to any
member of The public In The general environment mulling Rom
discharges of radioactive material and dire ct radiation hom such
management and storage shall not exceed 25 millivems to the
whole body and 75 mlllirems to any critical organ.

Nuclear Regulatory 10 CPR Parlt 2 0
Co•mmhalon Standards
For Protection Against
Radiation

Radiation Doae 10 OR RAA Seta speci fic radiation doses, levels, and concentrations for May be relevant and appropriate, as
Standards 1120.101- restricted and unrestricted areas. radioactive matedaht In the 100 Area can

20.103 contribute radiation doses, levels, and
concenkallons whlcA could exceed the
Ilmits;; however, Hanford is not sin

]Iwnsed facility.



H+

91

^y

. O

O

N

O

N
Ca►q
Grr^r

®m

Description^m

sass

Citation

A/

R&A

®^

Req?lrcmenls Remarks

Safe Drt"If Water Act 42 U.S.C. 300 1' Crashes a comprehensive national framework i1 0 ensure the quality
at seq, and safely of drinking water.

National Primary, 40 CPR Pan 141 R&A Establishes maximum contaminant levels (MCL) and maximum Applicable to public water systems.
Drinking Water contaminant level goals (MCIA) for organic, inorganic, and Potential chemicals and radionuclides of
Regulations radioactive consith ems. ThedCL for combined radium-226 and concern may migrate to the drinking water

radium-228 Is 3 pCl3L. The 14CL Ibr gross alpha panicle activity supply as a result of remedial activities.
(including radium-226 but excliuding radon and uranium) Is Although federal MCLO are not
19 pCl/L. The avenge annual concentralion of beta panicle and enforceable standards, they are potential
photon radioactivity 

fr
om mompade radionuclides In d rinking ARAR under the Washington State Model

water shall riot produce an anapml dose equivalent to total body or Toxics Control Act when more st ringent
any Internal organ In excess of 4 millimm/yeAr. than other standards. See stale ARAB.

National Secondary 40 CFR Pan 143 R&A Controls contaminants in drinking water [hat prima rily affect the Although federal secondary d rinking water
Drinking Water aesthetic qualities relating to the public acceptance of d rinking standards am not enforceable, they am
Regulations water. potential ARAB under the Washington

State Model Toxice Control Act when
more stringent than other standards. See
slate ARAB.

So
li

d Waste Disposal Acd, 42 U.S.C. 6901 Establishes the basic 
fr

amework for federal regulation of solid and
as amended by the et seq. hazardous waste.
Resource Conservation mind
Recovery Act (RCRA)

Groundwater 40 CFR 1264.92 A A facility shall not contaminate: the uppermost aquifer underlying Groundwater concentration limits in this
Protection IWAC 173-303.6 the waste management aroa beyond the point of compliance, section do not exceed 40 CPR 141, except
Standards 45IW which Is a vertical surface located at the hydraulically for chromium which has a limit of 50

dowagradient limit of the wastre management Area that extends pg/L.
dawn Into the uppermost aquifer underlying the regulated am.
The concentration of certain chemicals shall not exceed
background levels, cabin speci fied maximum concentrations, or
alternate concentration limits, whichever Is higher.

NThese are State of Washington regulatory citations which are equivalent to Title 40 Code of Federal Regulations, Parts 264 and 268 as stated in Washington
Administrative Code 173-303.
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Urtudmis MW Tollings public Law
Ra lllatlmn' Control Act of 95-604, as
1979 amended

Standards for Uranium 40 CFR 192 Betabiishes standards for control, cleanup, and management'. of
end Thorium MITI

'
radioactive materials from inactive uranium processing sites.

'.	 TLl;inge ^^	 I,.

Land Cleanup 40 CFR R&A Requires remedial actions to provide reasonable assurance that, as May be relevant and appropriate, as any
Standards J1192.10. a result of residual radioactive materials from any designated fadium-226 encountered during remediation

19212 processing alto, the concentration of radium-226 1w let d averaged did not re sult :tom uranium processing.
reover any area of 160 squa 	 meters shell not ea:ceeJ l7ie

background level by more them 5 pCl/g, averaged Over the Viral 115
cm of Solt below this surface, ! and 15 pCl/g, averaged over
IS-cm-thick layers of Boll more than 115 em below the surface. In
any habitable building, a reasonable effort shall: be made during
remediatlon to achieve an mutual average (or squivalen0 radon
decay product concentration Qncluding background) not to exceed
0.02 Working Level (WL). In any case, the rodeo. decay p roduct
concentration (Including backg round) shall not exceed 0.03 WL
and the level of gamma radiation shall not exceed the backg round
level by more than 20 mimoroenlegcos per hour.

Implementation 40 CFR RdcA Requires that when radionuclides other than radium-226 and its May be relevant and appropriate, as any
11192.20- decay, products are present in sufficient quantity and concentration redlum-226 encountered during remediation
11 92.23 to constitute a significant radiation hazard ftom residual did not result from uranium processing.

radioactive materials, remedial action shalt reduce  ether taidual
radioactivity to levels as low as reasonably achlevable (ALARA).

A a applicable
R&A - relevant and appropriate
DOB: U .S.. Department of Emally
CFR: Code of Federal Regulations
NRC: Nuclear Regulatory Commission
ARAR: aplpllrsble or relevant and appropriate
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Requirennents	 - Remarks

Model Toxlea Control Act 70.1051) RCW Reiquires remedial actions to attain a dk gree of
MITCA) cleanup prote

ct
ive of human health and the

environment.

Cleanup Regulations WAC 173-340 Establishes champ levels and prescribes methods to
calculate cleanup levels for soils, groundwater,
surface water, and air.

- Groundwater Cleanup WAC A Requires that where the g roundwater is a potential Federal maximum contaminant level goals
Standards 173-340-720 source of drinking water, cleanup levels under for d rinking, water (40 CPR Pa rt 141) and

Method B must be at least as stringent as federal secondary d ri nking water regulation
concentrations established under applicable stale and s tandards (40 CFR Pa rt 143) are potential

- fedleral laws, including the following: ARAR under MTCA when they are, more
st ringent than other s tandards. Method B

(A) Maximum contaminant levels established under cleanup levels are levels applicable to
the Safe Drinking Water Act and in blinhed In 40 remediatlen at Hanford unless a
CEP 141, as Amended; demonstration can be made that method C

(alternate cleanup levels) is valid.
(B) Maximum contaminant level goale l for
noncarcinogeths established under the Safes D rinking
Wader Act and published in 40 CFR. 141, as
amended;

(nLQ Secondary maximum contamintnl levels
esta blished under the Safe Drinking Water Act and
publ ished in 40 CPR 143, an amended;; and

(D) Maximum contaminant levels established by the
state board of health and published in C.Upler 248.54
WAC, as amended.
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Soil Cleanup Standards WAC A MTCA^, Method B concentration limits in milligrams
173340-740 per kilogram for potential conleminanle in suite,

sediments, and sludges ate:

Barium	 5,600
Cadmium	 40
Chromium (B!)	 80,000
Chromium(Vq	 400
Copper	 2,960

Manganese	 400
Mercury	 24
Silver]	 240
Zinc	 24,000
Acetone	 8,000
Benzene	 34.5

Carbon disulfide	 8,000
Methyl, ethyl ketone	 48,000
Mdhyl!leobulyl ketone	 4,000
Methylene chloride	 133
Toluene	 16,000
Anlhracene	 24,000
Berrzo(nna)anlhracene 	 0.137
Beruo(b)Buoranlhene 	 0.137
Benzo(k)Ruoranthene 	 0.137

Benzoto acid	 320,000
Benzyl alcohol	 24,000
Ble(2_elhylhexyl)phlhalele	 71.4
Chrysene	 0.137
Dl-n-butylphthatate	 8,000
Diethyl'. phthalate	 64,000
Pluorndhene	 3,200

N-nitrosodiphenylamine	 204
Pentecklorophenol	 8.33

Pyrene	 2400
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Description Citation AIR&A Requirements Remarks

Wa llingloa State Department RCW 43.70
of nallh,

RadlatitmP'rotectlon -- Air WAC 246-247 Delabllshes procedures for monitoring, control, and
Hmieulane reposting,of airborne radionuclide emissions.

Now and Modified WAC A Requires the use of best available radionuclide
sources 246.247.070 control technology (RARC7),

Radlelloo Protection WAC 246.221 PAtabllehees standards for protection against radiation
Standards hazards.

Radiation dose to WAC A Specifies dose limits to Individuals in restricted areas
Individuals In restricted 246-221-010 for hands and wrists, ankles and tact of 18.75
arena rem/quarter and for skin of 7.3 rem/qua rler.

tv

M

OA m applicable
R&A - relevant and appropriate
CAR: Code of Federal Regulations
RCW: Revised Code of Washington
ARAR: Applicable or relevant and appropriate
WAC:. Washington Administrative Code
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Modd'roxics Control Act 70.105 1) RCW

Cleanup Regul ations W'AC 173.340 The State Depannum of Ecology is cur rently adapting the
calculations in MICA to be' applicable to radioactive
contsm)nsms. Item cleanup standards may become
available p rior to or during nmedlation.

SeNd Waste Disposal Act, as 42 U.S.C. 6901 at
amended by RCRA seq.

Criteria for Classificat ion of 40 CFR 1257.34 A facility or prac
ti

ce shell not contsmiate an underground Into courts or she state may establish al ternate
Solid Wane Dispo

sa
l drinking water source beyond the solid waste boundary , bounda ries.

Facilities and Practices

Corrective Action for Solid' 40 CFR 264 Establishes requirements for investigation and cor rective
Wane Maagamem Units Subpa rt S, proposed srmion for relosses of hazardous wane from solid wa ste

maagememunits .

U.S. Department of Energy

-

Orders

Radiation Protec tion of the DOE 5400.5 Establishes radiation promot ion standards for the public and
Public and the Environment environment.

Radiation Dora Limit (All DOE 5400.3, The exposu re of the public to radiation mimes as a Portinem If rameadhd activities am 'romins DOE
Pathways) Chapter D, consequence of all routla DOE activi

ti
es shell not cause, in sctiviliea.•

Seed" la a year, an effective dose equivalent > 100 mrem from all
exposure pathways, except under specified ci rcum

st
ances.

Radiation Don Limit DOE 3400.5, provides  level of pmlection for persons consuming water Pertinent If radionuclides nay be re leased
(Drinking Water Pathway) Chap

te
r R,

fr
om a public drinking wate r apply opera

ted by DOE m that during renediation.
Section Id persona consuming water from the supply shall not receive

on effective does 	 >4 mmm per year. Combined
mdlum-226 and radium-223 @hall not exceed 3 x 10'pCi/ntL
and gross alpha activity Onoluding radium-226 but excluding
radon and uradum) sh el l not exceed 1.5 x IM µCi/mL.
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Description	 CRadoe	 RegWremenb	 Remarks

Re sidlrel Radionuclides In Soil DO-85400.S Oenetdo guideline for ndium-226 and ndium-228 are: Residual concentrations of radioactive material

Chapter IV, in soil are defined as Ihooe In exce ss of
Section da a	 S, pCl/g averaged over the fins IS am of soil below background concentrations averaged over an

dire surfecei and area of 100 0.

1 a	 15pCi/feverated over lSemahiok layers of soil

anon than IS am below the mrlYce.

Guidelines for re"Al concentrations of other radionuclides
must he. derived (tom the basic dose limit by means of an
onviromnental l petlnvey analysis u si ng specific properly date

where  awallabie. hoasdures for them deviations an given in
'A Manual fee , Implementing Residual Radioactive Materiel
Guidellines' (8x)8/CH-8901). Procedurae far determination
of 'hat upms,' 'hot4pot cleanup Iimito, and residual

concentration guideline for mlxiutes are in DOE/CR-8901.
Re sidual radioactive materials above the guidelines mu st be
contro lled to tin required levels in SM5, Chapter 11 and
Chaptor IV.

RCRA: Resou rce Conservation and Recovery Act
CFR: Code of Fede ral Regulation$
RCW: Revised Code of Washington
DoE: G.B. Department of Enegy
MICA: Model Toxics Control Act
WAC: Washington Adminlei retive Cade
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Archaeologticid and Historical 16 U.S.C. 469 A	 Requires action to ! recover and preserve; artifacts in Applicable when remaliel action threatens
Preservatoi Act of 1974 areas where activity may cause Irreparable harm, lose, signi ficant scientific, prrehisto ricel, historical,

or deslmction of s4ntficent arti facts, or a rchaeological data.

Endangered) Species Act of 1973 16 U.S.C. 1531 at Prohibits federal agencies from jeopardIng threatened
seq. or endangered specie or adversely mo lwgr habitats

essential to their survival.

Pish and Wildlife Services 50 CPR Paris 17, A	 Requires identification of activities that may affect Requires consultation with the Fish and
Ust of Endangered and 222, ZSS, 226, listed species. Actions must not th reate n the continued Wildli

fe
 Service to determine if threatened or

Threatened Wildlife and 227, 402, 424 existence of a listed species or destroy critics  habitat. endangered species could be impacted by
Plants activity.

Historic Slbra, Bu
il
dings, and 16 U.S.C. 461 A	 Betabfishes requirements for preservation of 7detorlc

Andquldes Act sites, building@, or objects of national significance.
Undesirable Impacts to such resources roust The
mitigated.

National Historic Preservation 16 U.S.C. 470 et A	 Prohibits Impacts on cultural resources. Where Applicable to properties listed In the National
Act of 1966, as amended. seq. Impacts are unavoidable, requires impart mitigation Register of Historic Places, or eligible for

through design and data recovery.	
I

each listing.

Wild and Scenic Rivers Act 16 U.S.0 1271 A	 Prohibits federal agencies from recommending The Hantbrd Reach of the, Columbia River Is
authorization of any water resource project that would under study for inclusion as a wild and scenic
have a direct and adverse effect on the values for river.
which a river was designated as a wild .end scenic river
or included as a study area.

A e applicable
R&A a relevant and appropriate
CPR: Code of Federal Regulations
USC: United States Code
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Description	 Cltallon

Habitat Buffer Zone for Bald 	 RCRI 77.12.655
Bogle Rules

Bald Bogle Protection Rules WAC 232-12-292

Regulating the Taking or	 RCW 77.12.040
Possessing of Came

Brrdangered, Threatened, or WAC 232-12-297
Sensitive Wildlife Species
Classification

RCW: Revised Cade of Washington
WAC: Washington Administrative Code
NOTE: A - Applicable, R&A a Relevant and Appropriate

Al
RRA
	

Requirement$

A	 Prescribes action to protect bald eagle habitat,
such as nesting or most sites, through the
development of a site management clan,

A	 Proscribes action to protect wlldlitb classified as
endangered, threatened, or sensitive, through
development of a site management plan.

Remarks

Applicable If the areas of remedial activities
includes bald eagle habitat.

Applicable if wildlife classified as
endangered, threatened, or sensitive are
present in areas Impacted by remedial
activities.
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IgoodplalmANellands 10 CFR Part 1022' ^fegerelRequi res	 agencies to avoid, to the extent pos sible, Pearlman if remedial ectivitieo uke place In a
Environmental Review adverse efhsts associated with the development of a fioodplrin or wetlands.

Roodpiain oar the destruction or lose of wetlands.

Protection and Ex^ecurlvo Order Provides dimallon to federal agencies to preserve, restore , Pertains to sips, stmcmres, and objec ts of
enhancement of the 11797 and maintain aWtunl resources. historical, ereheologic al , or architectural
Cultural Environment significance.

Hanford Reach Study Act PL 1004M Provides for a aomprehe telve river conservation study. This law was eructed November 4, 1988.
Prohibits the construction of any dam, c hennel, or
navigation piroject by a federal agency fur 8 yea rs .flat
enactment. New Ihderal end non•fWerol p rojects and
activities are required, to the satent practicable, to minimize
direct and adlvaree effec ts on the values for which the river
Is under study and to utillas existing structures.

ro.

CFR: Code of Federal Regulations
LFI: 

limited 
field Investigation

PL: Public Law
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3.0 INVESTIGATION RESULTS AND CONCLUSIONS

chapterter r_*P__°nfn rn-;v1M =' conclusions from the intrusive investigation of the
116-C-2A pluto crib, and the nonintrusive investigations of the remaining high-priority sites
and solid-waste burial grounds; it also reevaluates the status of the low-priority sites.

The following types of data are presented in the discussions:

	

•	 site location, size, characteristics, history and expected contaminants

geologic data obtained during the investigation (intrusive investigation only)

	

- •	 --field screening-data-collected using hand-held-instruments during camp frig
(intrusive investigation only)

a --Ti- spmtnd gamma geophysical logging results (intrusive investigation
omy)

•	 results from offshe laboratory analysis of sediment samples for inoreanics.
anions and radionuclides (intrusive investigation only), data validation qualifier
codes associated with specific analyses are included in tables at the end of
Section 3.0

•	 reconnaissance surface geophysics results (118-B-1 and 118-C-1 only)

•	 results from historical investigations at the site and comparison of the LFI data
to the historical data (intrusive investigation only)

__ _	 •	 analnonnccite data from other operable unitsa__ ___ __ ___W

•	 groundwater data sampled between July 1992 and January 1993 from the
100-BC-5 LFI monitoring wells up and downgradient (if any) from the sites.

This chapter also presents the human health and ecological qualitative risk evaluation
for the high-priority waste sites and the solid waste burial grounds at the 100-BC-2 Operable

-_-Unit. The individual site rick characterization were performed using the maximum
concentrations of the COPC identified in Tables 2-1 through 2-4 and the methodology
described in Sections 2.5.1, 2.5.3, and 2.5.5.

The risk characterizations in this QRA were based on a number of conservative
assumptions. Although these assumptions served to simplify the risk characterization
process, the resulting  numerieW1 values do not represent the most realistic estimates of risks
and hazards to human and ecological receptors.

3-1
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3.1 BACKGROUND SOIL SAMPLING

Background sampling was used to identify radiological and inorganic constituents in
the soil that occur naturally or as a result of widespread anthropogenic sources. The
characterization of background so il constituent concentrations has been conducted both on a
100 B/C Area project-specific and on a Hanford Sitewide basis. The results of the Hanford
Sitewide characterization are presented in Section 2.2.4; the results of the 100 B/C

project-specific characterization are presented below.

--	 - - — -- --	 e-- -R, M--Uie- Unit -rv'rct-•	 i -fir. rnntrnl w?c rIPt.PJrmined based on two1^ l` sp1'- --
samples collected from surface so il at the same nonwaste site location as the samples
co

ll
ected for the 100-BC-1 LFI (DOE-RL 1993d). This site is located near the southeast

border of the 100-BC-1 Operable Unit (Figure 2-2). These background samples were
analyzed for the same cons tituents as their respective LFI samples. Detected analytes, which
correspond to the 100-BC-2 analyte list, and their concentrations are summarized in
Table 3-1. The data from these samples are presented for information purposes only; these
results were not used in screening the LFI data, and they are not sufficient to calculate
statistically valid background concentrations.

3.2 HIGH-PRIORITY SITES

The high-priority sites in the 100-BC-2 Operable Unit are the components of the
116-C-2 pluto crib system. The 116-C-2 pluto crib system was constructed approximately

-

	

	 ?6 m (25fl ft east o€ the 105-C Reactor building w rece:^.e 	 cooling water
flushed from process tubes affected by fuel cladding failures. The crib system was
apparently also the primary liquid waste disposal site for the irradiated fuel examina tion
facility in the C Reactor bu ilding, and spacer and hardware decontamination done on the C
Reactor building washpad.

The 116-C-2 pluto crib system consisted of three parts: the 116-C-2A pluto crib, the
1 16=C=2B pump station and the 116-C-2C sand filter (Figures 3-1 and 3-2).

3.2.1 116-C-2A Pluto Crib

3.2.1.1 Site Description. The 116-C-2A pinto crib (Figure 3-2) was the largest pluto crib
in the 100 Areas, measuring 7 x 4.9 x 1.5 

in 
(23 x 16 x 5 ft). The crib is an unlined

structure covered by a six-inch thick concrete slab. The top of the crib was encountered at
5.7 

in
	 ft) bls during dri

ll
ing of borehole 199-B9-4. There was approximately 1.06 in

(3.5 ft) of open space between the concrete slab bottom and the crib sediments. Figure 3-3
shows a schematic of the 116-C-2A pluto crib. The 116-C-2A pluto crib was the only crib
in the 100 Areas to be preceded by a sand filter and to re ceive filtered effluents.

3.2.1.2 Geologic Data. This site is characterized by sandy gravel 
fil

l to a depth of 5.70 in

(18.71 ft) bls. At this depth the concrete slab which caps the crib was encountered. Below
the —lab—was open-crib sp°aceuntil appro° :,ately 6.98 in 	 ft) his. Approximately

3-2
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0 1 m_(1 ftl of concrete slab fragments are ^y;ng on to of the crib sediments. The- -- _ .- -_	 ---- --

sediments from 7.28 to 7.65 in 	 to 25.1 ft) are very fine sand or silt. Sand was
- - - encountered in-the boreholel;etween 7.6,5 and 7.99m {25.-1-and 266 .2 It) bis. Sandy  gravel

was present from 7.99 to 13.34 in 	 to 43.8 ft) and from 14.48 to 17.22 in 	 to
56.5 ft) bls, the total depth of the hole. A layer of gravel was encountered between
13.34-and 14.48 in 	 and 47:5 ft) bls. A summary of the geology is shown in
Figure 3-4.

-	 - 3.2A.3 Field Screen ug:- The well site geologist  performed field screening for VOC using
- - an 43VM. Ambient VOC	 was 0.0 ppm. No VOC were detected by field

screening during dri
ll
ing.

The well site geologist performed field screening for radioactivity using a Ludlum
-	 -14C portable scintillation detector, with—&-gross gamma-probe.- A healtn physics technician

performed a second field screening of beta-gamma activi ty using a Geiger-Mueller (GM)
detector with a P-11 probe. The site gross gamma background ranged from 2,000 to
2,300 cpm; the area gross gamma background was 2,800 cpm. The gross gamma field
screening level ranged from 4,800 to 5,100 cpm. The maximum observed gross gamma
level was 26,000 cpm from the concrete fragments on the top of the crib sediments.
i :b ^° 2-A shms ° s mma:r of the gross gamma field screening results.

3.2.1 a C^op;iys e93 L^gging. The borehole was logged from 0 to 16.52 m bls (0 to
54.2 ft), 0.70 in 	 ft) less than the total depth of the borehole. The radionuclides detected
were cobalt-60, europium-152, and europium-154. The maximum activi ty was found at
6.71 in 	 ft) bls. A diagram showing the intervals of occurrence and depths of maximum
decay activity for each radionuclide is included in Figure 3-4 . A copy of the log is in
Appendix A.

3.2.1.5 Analytical Results. Six sediment samples, and three quality assurance/quality
-- -- --control samples, were co

ll
ected between July 15 and iuiy 20, 1993 from the 199-1394

borehole and submitted for chemical and radiological analysis. A seventh sample was taken
- -in the itrst sample interval,-due-to poor-recoveryl- this sample -was-only analyzed for

radionuclides. The sample numbers, depth intervals, and a summary of detected analytes are
shown in Table 3-2.

Sample B08RB7 was taken from the concrete slab fragments from the cap of the pluto
crib. This sample was analyzed for inorganics only, due to limited sample volume. The
results show consistently higher concentrations of the analytes, including the only detections
of antimony and copper (Table 3-3).

Cadmium, chromium and zinc were detected in concentrations above the Hanford Site
background 95 % UTL (Table 2-4). These elevated levels occur in samples B08R96 and
B08R97; both samples were collected in the interval between 6.98 and 8.20 in 	 and
26.9 ft) bls.

The following radionuclides were detected: carbon-14, potassium-40, cobalt-60,
nickel-63, strontium-90, europium-152, europium-154, europium-155, radium-226,

[gad
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radium-220, thorium-228, thorium-232, uranium-233/234, uranium-238, plutonium-239/240,
and americium-241. The concentrations for these radionuclides are summarized in Table 3-2
and are as follows:

•	 gross alpha levels ranged from 3.4 to 23 pCi/g

•	 gross beta levels ranged from 15 to 850 pCi/g

•	 potassium-40, cobalt-60, nickel-63, europium-152, europium-154, and
__- - -- - --_ - -- --- -

	

	 eurnmium-155 had maximum Concentrations betwee6.80 and 9.44 m (22.9
and 30 ft) bls, decreasing steadily with depth below 10.67 m (35 ft) bls

•	 radium-226, radium-228, and thorium-232 were detected at relatively uniform
(< 1 pCi/g) concentrations below 10.67 m (35 ft) bis

•	 thorium-232 was detected (0.9 pCi/g) in the 6.98 to 8.20 m (22.9 to 26.9 ft)
interval and at stable concentrations (<0.6 pCi/g) below 10.67 m (35 ft) bls

•	 carbon-14 was detected in the 14.69 to 15.45 m (48.2 to 50.7 ft) interval

•	 the maximum strontium-90 concentration occurs between 10.67 and 11.28 m
(35 to 37 ft) bis

•

	

	 uranium-233/234 and uranium-238 concentrations are <0.6 pCi/g throughout
the depth of the borehole.

No anions were detected above the Hanford Site background 95'lo U'TL (Table 3-2).

— -

	

	 3 2.1.6 _ Sistorcai DMU .- _Dor-= and Richards (1978) drilled 5 test holes in the 116-C-2A
pluto crib (Figure 3-5). The analytical results are presented in Appendix B. A summary of
detected radioisotopes, decayed to July 1993 activities (17 years, 90 days), is shown in
Table 3-4. Results from seven samples, ranging in depth from 7.62 to 15.24 m (25 to 50 ft)
bls, from three boreholes (B, D, and E) were reported. The following radionuclides were
detected: total uranium, tritium, cobalt-60, strontium-90, cesium-134, cesium-137,
europium-152, europium-154, and europium-155. The maximum decayed activities for all
detected radionuclides were reported between 9.14 and 10.67 m (30 and 35 ft) bls as follows:

•	 cobalt-60, strontium-90, cesium-137, europium-152 and europium-155 at 9.14
m (30 ft) bis in testhole D

•	 tritium at 10.67 m (35 ft) bls in testhole E

•	 cesium-134 at 10.67 m (35 ft) bls in testhole D

•	 total uranium and europium-154 at 10.67 m (35 ft) bis in testhole B.
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3.2.1.7 Analogous Sites. The 116-C-2A pluto crib system is unique as no other pluto c rib
in the 100 Areas is preceded by a sand filter. The data from other pluto cribs have some
bearing, however; the effluent that entered the 116-C-2A pluto crib may have had the same
contaminants as the effluent to the other pluto cribs. Three pluto cribs: the 116-F-4

-(DOE-DT 1994b), 116-B-3 (DOE-RL 1993d), and 116-D-2A ( )OE-RL 1994c) are the
possible analogous sites for which data are available. Samples from these sites were
analyzed for the fu

ll
 suite of contaminants including VOC. Organics compounds were not

included in the analyte list for 116-C-2A (DOE-RL 1993a, Kytola 1993). The process
knowledge did not suggest disposal of any organic compounds to the 116-C-2A pluto crib
system.

Inorganic compounds were detected above the Hanford Site background 95 % UTL in
-	 two of the three analogous sites (Table 3-5). Barium was detected in 116-F4 . Cadmium,

chromium, and silver were detected in 116-B-3.

Volatile organic compounds were detected in all three of the analogous sites
(Table 3-5). The 116-F-4 crib showed detectable levels of 2-butanone, acetone,

methylene chloride, and toluene. The 116-B-3 crib showed detectable levels of 2-butanone,

4-methyl-2-pentanone, acetone, and benzene. The 116-D-2A crib showed elevated levels of
mPlhcrlana rhlnrida nnA YnhiPno

Semi-volatile organic compounds (semi-VOL) were detected in two of the analogous
sites (Table 3-5). The 116-F-4 crib showed detectable levels of bis(2-ethylhexyl)phdWate,
di-n-butylphthalate, and di-n-octylphthalate. The 116-B-3 crib showed detectable levels of
anthracene, benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(b)fluoranthene,

^...e a a.. - «^ s e	 a ^^ lanthrrnP`fJGFdS.,-35SLVLCL"^GSCy •••• t°^'

The pesticide endrin was detected in the 116-D-2A crib (Table 3-5).

--- - - --Radionuclides were-detected iu ail of the Ana ogomb sites (Table 3-5). The 116-F-4
crib showed activities for potassium-40, strontium-90, cesium-137, europium-152,
thorium-232, uranium-238, plutonium-239/240, and americium-241. The 116-B-3 crib
showed activities for carbon-14, strontium-90, and cesium-137. The 116-D-2A crib showed

_- --activities &u$otassium-40,- strontilm 90, cesh m -137 eiinminm-152 , europium-154,
radium-226, and plutonium-239/240.

3 2.:.0 :troundwater impact. Monitoring well 199-B9- 1 is located within the boundaries
of the 116-C-2A pluto crib. It was insta

ll
ed during the construction of the pluto crib to

monitor for groundwater contamination caused by disposal to the crib. Monitoring we
ll

199-B9-2 is located downgradient of the crib. There are no B/C Area monitoring wells
located upgradient of the site. The 1607-B9 septic system and drain field is another possible
_liquid_waste dimmal ttmnr. of contamination for these wells; the 118-C-1 burial ground is
also located upgradient from these wells (Table 3-6). Monitoring well 199-B9-1 is a possible
pathway for contamination to migrate to groundwater: it shows consistent concentrations of
tritium, strontium-90, and technetium-99 (Table 3-7). We

ll
 199-B9-2 shows consistent

concentrations of tritium and technetium-99 (Table 3-7). The 116-C-2A pluto crib might be
the source of this radionuclide contamination.

q J-,,
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3.2.1.9 LFI Results. The LFI results show the majority of the contamination in the
116-C-2A pluto crib in the upper portion of the crib. All of the inorganic contaminant
concentrations are less than the 95 % UTL values below 8.38 in (27.5 ft) bls. The majority
of the detected radionuclides show maximum activity levels in the 6.98 to 8.20 m (22.9 to
26.9 ft) bls interval. Of the radionuclides that do not follow this trend, only strontium-90 is
not naturally occurring. The strontium-90 maximum activity level occurs in the 10.67 to
11.28 m (35 to 37 ft) bls interval; below which the activity level decreases with depth.

Concentrations reported by Dorian and Richards (1978) are generally consistent with
radionuclide data obtained in LFI borehole 199-139-4 at the pluto crib site. Historical data
(Dorian and -Richards --IW8) also follow the-same gene ral trend as in the LFI borehole. The
maximum decayed activities occur in the top 9.14 in (30 ft) and decrease with depth. The
isotopes analyzed for and detected in the historical data correspond to the contaminants found
during the LFI. Tritium, cesium-134, and cesium-137 are the only historical isotopes with
no-LFI detections. The dyed activ y levels for both cesium isotopes were below 1 pCi/g.
The maximum decayed activity level for tritium was located at 10.67 m (35 ft) b1s.

The detected radionuclides in the analogous sites corresponded to the radionuclides
found at the 116-C-2A pluto crib. The inorganic contaminants are not comparable with the
other pluto cribs. The VOC detected in the analogous sites are probably laboratory artifacts.

-	 -	 -The pry, ;ence of radionuclides in the two downgradient monitoring wells indicates the
116-C-2A pluto crib may be a source of groundwater contamination. The absence of
upgradient well information to compare contaminant concentrations to make the actual impact
of the pluto crib on the groundwater uncertain.

Field screening of the concrete sample indicated radionuclide contamination. The
elevated inorganic constituent concentrations indicated by the laboratory analysis most likely
reflect the composition of the concrete aggregate rather than any contamination.

3.2.1.10 Human Health Risk Characterization. No LFI borehole or historical samples
were collected in the 0 to 4.6 in (0 to 15 ft) interval. Maximum soil analyte concentrations
and the sampling depth range are listed in Table 2-4. Because all detected analyte
concentrations were below 4.6 m (15 ft), a human health risk analysis is not conducted.

3.2.1.11 Ecological Risk Characterization. No ecological risk characterization is provided
as there  were no samples collected in the 0 to 4.6 m (0 to 15 ft) interval.

3.2.2 116-C-2B Pluto Crib Pomp Station

3.2.2.1 Site Description. The 116-C-2B pluto crib pump station (Figure 1-2) is a 3 x 2.4
x 9.1 in (10 x 8 x 30 ft) underground structure. It pumped liquid wastes from the C Reactor
building through a pipe into the 116-C-2C pluto crib sand filter. Figure 3-6 is a schematic of
the pump station.

3-6
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3.2.2.2 Geologic Data. No intrusive investigation for the LFI was done on the 116-C-2B
pluto crib pump station, therefore no direct geologic descriptions are available. Because the

pump station is adjacent to the pluto crib it is assumed that sandy gravels described in the
-- — --------=199-B -a-bore..lol.̂ '._^-.G^,}r-_-at_the-116-(-_7R mimT et?tinn

3.2.2.3 FSeld Screening. No intrusive investigation for the LFI was done on the 116-C-2B
pluto crib pump station, therefore no field screening readings were taken.

3.2.2.4 Geophysical Logging. No intrusive investigation for the LFI was done on the
1164- 2B pluto crib pump station, therefore no spectral gamma logs were obtained.

3.2.2.5 Analyfitcal Results. No samples were taken and analyzed for me 	 LFI from the
116-C-2B pluto crib pump station.

3.2.2.6 Historical Data. Dorian and Richards (1978) drilled one test hole next to the

116-C-2B pluto crib pump station (Figure 3-5). The analytical results are presented in
Appendix B. A summary of detected radioisotopes, decayed to July 1993 activities
(17 years, 90 days), are shown in Table 3-8. Results from one sample, taken at 9.14 in

(3v n) bis were reported. The ' Rowing radionuclides were detected; tritium, cobalt-60,
strontium-90, cesium-134, cesium-137, europium-152, europium-155, and
plutonium-239/240.

Analogous Sites. The 116-C-2B pluto crib pump station has no designated
analogous sites. The pump station is part of the 116-C-2 pluto crib system. Contaminants
identified by the LFI sampling in the 116-C-2A pluto crib pertain to the entire system. The
following contaminants were detected in the 116-C-2A pluto crib:

.i	 '
-----	 -	 u101a15. UdAL . ^wu, clu VUlluul, i%UU zinc

radionuclides: carbon-14, potassium-40, cobalt-60, nickel-63, strontium-90,
europium-152, europium-154, europium-155, radium-226, radium-228,
thorium-228, thorium-232, uranium-233/234, uranium-238,
plutonium-239/240, and americium-241.

3.2.2.8 Groundwater Impact. There are no monitoring we lls downgradient from the
U&C-2IR pump station-Close-enough to-be usefuddri e Tar** î	 be impact it has on
groundwater. Monitoring well 199-B4-5 is the closest well, it is over 200 in 	 ft) away
and there are numerous other possible source sites (Table 3-6). There are no B/C Area
monitoring wells located upgradient of the pump station.

3.2—.2.9 Fl Results-. F'ne contaminants found during me LF1 at the 16-C-2A piuto crib are
appiiCable to the 116£-2I3 primp-sta'ufin- lue two sees are part of the same system and
handled the same effluent.

The histori a investigauion (Dorian and Richards 1978) detected radionuclide
contamination at the base of the pump station. This contamination indicates some effluent
leaked from the pump station into the surrounding sediments. The radioisotopes reported in

1 '7
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the-historical4ata_correspond-to-those. reported-in-the-pluto crib LFI data: Trithm,
cesium-134, and cesium-137 are the only radionuclides not found in LFI samples. The
decayed activity of both cesium isotopes are below 1 pCi/g; the decayed activity of tritium is
below 20 pCi/g.

The impact to groundwater cannot be determined due to lack of monitoring wells
close to the pump station. The potential of groundwater impact does exist based on the
assumption that the contamination detected in the historical investigation is a result of
effluent that leaked from the pump station.

3.2.2.10 Human Health Risk Characterization. No LFI borehole samples were taken at
this site. Historical sampling data are available only for depths >4.6 in ft). Maximum
soil analyte concentrations and the sampling depth range is summarized in Table 2-5.
Because all detected analyte concentrations were below 4.6 in 	 ft), a human health risk
analysis is not provided.

3.2.2.11 Ecological Risk Characterization. No ecological risk characterization is provided
as there were no samples collected in the 0-4.6 in 	 ft) interval.

3.2.3 116-C-2C Pluto Crib Sand Filter

3.2.3.1 Site Description. The 116-C-2C pluto crib sand filter (Figure 1-2) is an enclosed
concrete box, 11.5 x 5.5 x 5.5 in 	 x 18 x 18 ft), filled with basalt sand (Figure 3-7).
Effluents were discharged to the sand filter through distributor trays; excess effluent was then
discharged from the sand filter through a pipe to the pluto crib. The sand filter is covered
with concrete shielding slabs. _It-is not-known if-the-sand filter-was-ever cleaned out.

____3_23,2 - Geologic Data.- - No intrusive-investigation-for the L .FI was done on the 116-C-2C
pluto crib sand filter, therefore no direct geologic descriptions are available. Because the
sand filter is close to the pluto crib, it is assumed that the sandy gravels described in the
199-B94 borehole surround the 116-C-2C sand filter.

3.2.3.3 Feld Screening. No intrusive investigation for the LFI was done on the 116-C-2C
pluto crib sand filter, therefore no field screening readings were taken.

31.3.4 Geophysical hogging. No intrusive investigation for the LFI was done on the
116-C-2C pluto crib sand filter, therefore no spectral gamma logs were obtained.

31.3.5 Analytical Results. No samples were taken and analyzed for the LFI from the
116-C-2C pluto crib sand filter.

3.2.3.6 Historical Data. Dorian and Richards (1978) drilled four test holes around, and
took four grab samples within the 116-C-2C pluto crib sand filter (Figure 3-5). The
analytical results are presented in Appendix B. A summary of detected radioisotopes,
decayed to July 1993 activities (17 years, 90 days), is shown in Table 3-9.

3-8
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-	 - -- -Results fronr three samples, -ranging in depth fro g, 06.00 '' W 9.14 in 	 to 30 ft) bls,
from two boreholes (A and C) were reported. The following radionuclides were detected:
tritium, uranium, cobalt-60, strontium-90, cesium-134, cesium-137, europium-152,
europium-154, europium-155, plutonium-238, and plutonium-239/240. The maximum
activities for all of the detected radionuclides were reported from test hole A as follows:

at 7.62 in (25 ft) bls; tritium, cobalt-60, cesium-137, plutonium-238,
plutonium-239/240, and uranium

at 9.14 in 	 ft) bls; strontium-90, cesium-134, europium-152, europium-154,
and europium-155.

Results from all of the grab samples were reported. The samples were taken from the
inlet distribution tray, outlet distribution tray, inlet filter bed, and outlet filter bed. The
following radionuclides were detected: tritium, cobalt-60, strontium-90, cesium-137,
europium-152, plutonium-238, and plutonium-239/240. The maximum activities for all of
the detected radionuclides, except europium-152, were reported from the inlet distribution
tray. Only the sample from the inlet filter bed was analyzed for europium-152. The
activity levels for most of the isotopes are higher in the inlet samples than in the
corresponding outlet samples. The cobalt-60 levels for the filter bed samples are the only
exception.

-- -- 3.2.3.7 Analogous Bites. The-116-C- 2C pluto crib sand {titer has no designated analogous
sites. ''in-e-  sand futer is part of the 1 16- '-2 pluto crib system. Contaminants identified by
the LFI in the 116-C-2A pluto crib pertain to the entire system. The following contaminants
were detected in the 116-C-2A pluto crib:

mefdlS. Ca(lIII1nIII, cnromium, and zinc

radionuclides: carbon-14, potassium-40, cobalt-60, nickel-63, strontium-90,
europium-152, europium-154, europium-155, radium-226, radium-228,
thorium-228, thorium-232, uranium-233/234, uranium-238,
plutonium-239/240, and americium-241.

Data from sites analogous to the 116-C-2 pluto crib system are discussed in Section

3.2.3.0 vaumidwater Impact. There are no monitoring wells downgradient from the
116-C-2C sand filter close enough to be useful in determining the impact it has on
groundwater. Monitoring well 199-B4-5 is the closest well. It is over 200 in 	 ft) away
and there are numerous other possible source sites (Table 3-6). There are no B/C Area
monitoring wells located upgradient of the sand filter.

3.2.3.9 LFI Results. The contaminants found by the LFI at the 116-C-2A pluto crib are
considered to be applicable to the 116-C-2C sand filter. The two sites are part of the same
system.

3-9
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Dorian and Richards (1978) reported radionuclide contamination below the sand filter.
This contamination indicates some effluent leaked from the sand filter into the surrounding
sediments. The radioisotopes reported in the historical data correspond to those reported in
the pluto crib LFI data. Tritium, cesium-134 and cesium-137 are the only nuclides not found
at the 116-C-2A pluto crib. The decayed activity of cesium-134 is below 1 pCi/g and the
decayed activity of tritium is below 40 pCi/g. The maximum Dorian and Richards (1978)
decayed activity for cesium-137 is more significant, almost 200 pCi/g. Dorian and
Richards (1978) found that radioactivity within the sand filter is much higher than that of the
surrounding sediments. The relative trend of a decrease in activity levels from the inlet to the
outlet of the sand filter possibly indicates that at least some of the radionuclides were
Wp=aw uvu Ma G111UGUL.

The impact to groundwater cannot be determined due to lack of monitoring wells
close-to the sand .alter. the poie'u ìiai of lroundwater impact does exist based on the
assumption that the contamination detected in the historical investigation is a result of
effluent that leaked from the sand filter.

3.2.3.10 Human Health Risk Characterization. Historical soil grab sample data were
decayed to July 1993, and provide maximum soil analyte concentrations which are
summarized along with the sampling depth ranges in Table 2-6. incremental cancer risk
estimated for the frequent-use and occasional-use scenarios at the 116-C-2 pluto crib sand
filter are summarized in Table 3-10.

The human health risk characterization is based on Dorian and Richards (1978)
historical sampling data using maximum soil concentrations detected from a depth 0 to 4.6 in
(0 to 15 ft). This data was obtained from grab samples and the maximum contaminant
concentration was at a depth of 0.91 in ft).

Several COPC represent estimated ICR > 113-06 in the frequent-use scenario.
Cobalt-60, strontium-90, cesium-137, europium-152, plutonium-238, and plutonium-239/240
soil concentrations represent ICR > 1E-06 from the ingestion exposure pathway. Cobalt-60,
strontium-90, cesium-137, plutonium-238, and plutonium 239/240 represent ICR > 113-06
from the inhalation exposure pathway. An ICR > 1E-06 is also estimated from external
exposure to cobalt-60, cesium-137, and europium-152.

In the occasional-use scenario cobalt-60, strontium-90, cesium-137, plutonium-238,
-	 and plutonium-239/240-represent-an ICR > 113-06 from the ingestion exposure pathway.

Cobalt-60, plutonium-238, and plutonium-239/240 represent an ICR > 113-06 from the
inhalation pathway. For the external exposure pathway cobalt-60, cesium-137, and
europium-152 represent an ICR > 1E-06.

The total estimated lifetime ICR to humans is > 1E-02 for both the frequent- and
occasional-use scenarios, therefore the human health qualitative risk classification is "high."
The external radiation exposure is considered to be the primary pathway contributing to ICR.
Cobalt-60, cesium-137, and europium-152 are considered the greatest contributors in both
scenarios.
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— 'Me lnt2i-lCR anticipated, if the onset of the frequent-use s cenario exposures is
delayed until 2018, is > 1E-02 for the frequent-use scenario and > 1E-02 for the
occasional-use scenario (Table 3-11). The primary pathway contributing to risk would

_---remain the tternal-radiation pathway-and-the qualitative risk class
ifi

cation rpmniinc high for
the frequent-use scenario and the occasional-use scenario.

An a
ll

owance for the shielding effects of clean-fill soils is not expected to
significantly reduce the external radiation exposure risks in the occasional-use s cenario. The
maximum soil concentrations of the primary risk-contributing COPC were all measured

__. - -	 ___ afl n- - ?-o__ra [ -S!]-hal.nas, ^hn-caeefasln- a
W 141111 1.0 Ll lV ll1 VLr1VW LL1Y JLL114W Qt this site.

32.3.11 Homan Health Risk Characterization Un certainty Analysis. General
uncertainties attributed to the methodology used in this QRA are discussed in Section 2.6.4.
Uncertainties inherent in the quality of the data used in the human health risk characterization
were discussed in Section 2.6.2. Maximum contaminant concentrations were obtained from
historical data, therefore the uncertainty associated with the data is moderate.
The uncertainty associated with external exposure for the occasional-use scenario is

_considered low St" * site since the- exposurepointcontaminant	 AUatinnc arc. lnrate^i
in the	 _ t-• ^R m,	 (6 ft) of soil. However, the pluto crib sand filter is covered withrr 

concrete shielding slabs, making entry difficult and attenuating external radia tion intensity .
The exposure uncertainty for the 0 to 4.6 in to 15 ft) interval in the frequent-use scenario
is high because future land-use has not been iden tified and frequent-use does not currently

-	 - QccurAt-this_site._ CienemLtoxicity ascessment -uncertamtieS are-d1Sco. see in Section 2.6 -4 -2

and is considered moderate to high for this site. Table 4-1 summarizes data and exposure
uncertainty .

3.2.3.12 Ecological Risk Characterization. The total calculated dose rates to the Great
Basin pocket mouse from radionuclides in the soil inside the 116-C-2C pluto crib sand filter

--- - -- me-listed m Table 3=12 and_wmmarized on_ Table -3-13---The total rime from radionuclides
in soils sha

ll
ower than 1.8 in ft) exceeds the EHQ (1 rad/day) by 2 orders of magnitude.

Strontium-90 and cobalt-60 each exceed the EHQ, although stron tium-90 is the primary
contributor to the dose rate.

3.2.3.13 Ecological Risk Chara cterization Uncertainty Analysis. The uncertainty
associated with the approach used in the qualitative ecological characteriza tion is described in
Section 2.6.6. In addition, the pluto crib sand filter is covered with concrete shielding slabs.
As a result, it is less likely that plant roots would contact contaminated so il and move
contaminants into the food chain.

3.3 SOL
ID

 WASTE BURIAL GROUNDS

- — — -- - -- The following discussions of solid-waste burial grounds are limited, presenting only
the current understanding of the individual site conceptual model. A qualitative risk

- -	 - assessment was Wt	 for these sites as no LFI or historical sampling data are
available. An exception to this is the 118-B-1 burial ground; this site was sampled by
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Dorian and Richards (1976) and sufficient historical data exists to perform a QRA. The
-____—discussion ofthe_118-fi-Lburial °round site is more extensive.

3.3.1 118-B-1 Burial Ground

3.3.1.1 Site Description. The 118-B-1 burial ground is located 914 in 	 ft) west of
- the -105=C Reactor building{Figure 1-2). The site boundaries-are permanently marked with

concrete posts numbered B-81-1 through B-81-31. The dimensions of the burial ground are
approximately 305 x 98 in 	 x 321 ft) with a depth of approximately 6.1 in 	 ft).
The site consists of a series of trenches, running generally east-west, perforated burials
(excavations shored with railroad ties), and spline silos. Relative trench locations for the
118-B-1 burial ground are shown on Figure 3-8.

The first trench in the 118-B-1 burial ground was excavated in 1944 and the site
received waste until 1973. Stenner et al. (1988) estimates that 10,000 & (353,100 fe) of
waste has been buried at this site. Trenches received general reactor wastes from the 100 B
and 100 N Reactors that included aluminum tubes, irradiated facilities, thermocouples,
vertical and horizontal aluminum thimbles, stainless-steel gun barrels, and expendables
consisting of plastic, wood, and cardboard (Dorian and Richards 1978). Spline silos received
metallic wastes (Stenner et al. 1988).

A second burial site was started in early 1950 south and adjacent to the 118-B-1
burial trenches. This area was called the 108-B solid waste burial ground and has now been

-	 incorpoated into the 118-B-1 burial ground. -Solid tritium-wastes, and high-level liYUid
tritium wastes sealed in 8 cm (3 in) diameter iron pipes were buried here. This site was used
to dispose of contaminated tritium pots and irradiated process tubing in 1952. Another
trench, in this second burial area, contains contaminated perfs. Heid (1956) discusses three
trenches at this site which were covered with 1.8 in ft) of soil.

A 61 x 15.2 in 	 x 50 ft) extension was added adjacent to and at the middle of the
west 118-B-1 boundary in the spring of 1956. Contaminated yokes from the 105-B Reactor
building were buried in the extension (Reid 1956).
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Based on M iller and Wahlen (1987), the estimated decayed inventory is as follows:

Quantity in curies
Radionuclide (decayed through 7-1-93)

tritium 2,500
carbon-14 0.66

calcium-41 0.01
nickel-59 0.3
nickel-63 246
cobalt-60 127
Suiiuù"wu=iv U..S

silver-108m 8.6
barium-133 0.3
cesium-137 0.3
europium-152 1.6

europium-154 0.92

Estimates of meta
ll

ic and other wastes for the 118-B-1 burial ground are as follows
(Miller and Wahlen 1987).

Material
	

Amount (Tons)
Aluminum'
	

135.2

Boron2
	

1.4

Lead
	

30

Lead/Cadmium
	

201.2/8.4

Graphite
	

0.08

Mercury
	

1.0

Other'
	

527

' -- — lncludes -aluminum cans stnn lead/cadmium_pieces, cnacerg, and aluminum
rnntainnA in snlinr_c

?_
-	 --- -	 Includes boron from-splines, ve rtical 

safety
Includes

	 and hnriu,ntal control
rods (HCR).

'	 Includes soft waste, desiccant, and misce
ll

aneous materials.

3.3.1.2 Geophysical Surveys. Surface based reconnaissance GPR and EMI surveys were
completed at the 118-B-1 burial ground (Bergstrom 1993). Twenty-two areas representing

-trenches, silos,-and-other-large-features_wise-identifi^in-t_he.-_aurvgy by arPac of high
anomaly concentration. Numerous other sma

ll
er features of unknown origin were also

identified. Bergstrom (1993) presents an interpretation map of the 118-B-1 burial ground
showing the 22 zones and other detected features. The report also presents an estimated
depth to detected features of 0.6 to 4.3 m (2 to 14 ft) based on GPR results.

The survey indicates no buried debris occurs outside of the permanent burial ground
markers, and that good definition of buried waste can be achieved using these methods.
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Electro-magnetic induction was effective at locating concentrations of metallic debris possibly
up to 5.5 in ft) deep. Ground-penetrating radar was effective at locating objects between
0.6 and 4.3 in and 14 ft) deep.

3.3.1.3 Historical Data. Historical data available for the 118-B-1 burial ground is limited
to process knowledge and limited sampling conducted in 1976 (Dorian and Richards 1978).
Boreholes were drilled into individual waste trenches and samples collected. The waste
trenches sampled were used between the early 1940's to after 1966. The following
discussion presents the results of this sampling effort.

Six borings (A - F, Figure 3-8) were drilled in trenches used between 1%4 and 1956.
Samples collected showed very little radioactivity. In situ GM probe readings taken in the
sample holes showed background levels. The results of the in situ GM probe survey are
presented on-Table-344:- Pieces-of-cadmium and lead with aluminum jackets were found in
some samples (Dorian and Richards 1978). One sample was collected from boring A at
6.1 in 	 ft) bls for radiological analysis. The results are presented in Appendix B. The
results decayed to July 1993 (17 years, 90 days) are reported on Table 3-15.

Boring G (F :
1-

.--
Al 3-8) was drilled into a trench used between 1958 and 1960. Low

level contamination was first detected at 4.6 m-(15 ft) bls. Geiger-Mueller wants for this
sample were < 100 cpm. Pieces of reactor poison were recovered from 6.1 to 6.2 in 	 to
20.5 ft) depth. A small piece of aluminum was recovered from 6.7 in 	 ft) bls that caused
a-GM reading of 15,000 M.M. Samples were collected from 7.6 and 9.1 in 	 and 30 ft) bls
with no detectable contamination (Dorian and Richards 1978). In situ GM probe readings
were taken from this boring and are reported on Table 3-14. Radiological analysis was
performed on three samples. The results are presented in Appendix B. The results decayed
to July 1993 (17 years, 90 days) are reported on Table 3-15.

Borings H, I and J were drilled into trench number 13 (Figure 3-8). This trench is
-_ - - theL southern -most xrench-in il,t burlaLg_round-and is approximately 9,1 m (30 ft) wide

1 f./lb\ i_ L	 _ TT aL
- (Dorian-and Richards- 1970/. to uor:ng n u1e first detectable radiation was 24,000 . Ym at
3.7 in 	 ft) bls. The GM readings went off the scale at 5.2 in 	 ft) bls. The GM probe

-	 was changed to a low-range totem pole (LTP) probe. The ^: imum LIT reading was
30 mR/hr at 6.1 in 	 ft) bls. In situ GM readings for boring H are reported on
Table 3-14. Results from samples collected for radiological analysis from boring H are
listed in Appendix B. The results decayed to July 1993 (17 years, 90 days) are reported on
Table 3-15.

Boring I showed no detectable contamination using the handheld GM probe
(Table 3-14). Only one in situ GM probe result was reported in Dorian and Richards
(1978). At 6.1 in 	 ft) bls the count rate was 600 cpm.

Boring J was drilled 1.8 in ft) south of boring I to a depth of 9.8 in 	 ft) bIs
(Figure 3-8). Between 3.05 and 7.6 in 	 and 25 ft) depth, 1/2-in diameter steel tubing was
encountered. Dorian and Richards (1978) reported that this tubing may have been from

-	 N Area steam generator repair. Low level contamination, < 100 cpm, was first detected by
a handheld GM probe at 7.6 in 	 ft) his. At 9:3 in 	 n) bis, me count rate was

1 , .J-14
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600 cpm, then dropped to below 100 cpm. In situ GM probe readings are listed on
Table 3-14. Results from samples co

ll
ected for radiological analysis are listed in

--	 Appendix B. The results decayed to July 1993 (17 years, 90 days) are reported on
Table 3-15.

No detectable radioactivity was measured from borings K and L.

Boring M samples had background handheld GM readings down to 6.1 in (20 ft) bls.
Below 6.1 m (20 ft) activity levels increased to a maximum of 7,000 cpm at 7.01 and 7.6 in

(23 and 25 ft) b1s. In situ GM probe readings are listed on Table 3-14. Pieces of wood,
plastics heet rare am,	 concrete and other debris was recovered from this boring
Radiological sample analysis results are listed in Appendix B. The results decayed to
July 1993 (17 years, 90 days) are reported on Table 3-15.

Handheld GM readings from boring N were all at background levels. In situ
GM probe counts however do show contamination in the vicini ty of the boring. The in situ
GM probe results are presented on Table 3-14.

3.3.1.4 Analogous Sites. Sites within the 100 Areas which are analogous to the 118-B-1
burial ground are listed on Table 1-2. However, there have not been any investigations
completed on analogous burial grounds.

3.3.1.5 Groundwater Impact. Only one well, 199-B8-6, is near 118-B-1 burial ground
(Table 3-6). Based on water table maps for the 100-BC-5 Operable Unit LFI
(DOE-RL 1993b), it is uncertain whether this we

ll
 is downgradient or crossgradient from the

burial ground. There are no nearby upgradient groundwater monitoring wells. The
- --	 --100-BC-5 Operable Unit LFI (DOE-RL-1993b)-reported that carbon- 14 was-det° ted in; ne

round of sampling, however the fo llowing two rounds were nondetect. Tritium and
technetium-99 were also detected in low concentrations (Table 3-16); however, higher
concentrations of these two contaminants have been detected in wells further downgradient.
Roceri ,. .f

.Le ,.̂._..4,^.a it.L does not appear that the 118-B-1 burial ground is a contributing.....,W	 ..e., 
source to the groundwater.

3.3.1.6 LFI Results. No intrusive investigations were completed at the 118 -B-1 burial
ground as part of this LFI. -Surface based reconnaissance GPR and EMI surveys were

-	 completed to locate the heaviest concentration of buried debris. The geophysical su rveys
indicaw that buried waste is not found outside of the permanent burial ground markers and
good definition of the burial trenches was achieved. The EMI method is effective at locating
meta

ll
ic objects possibly up to 5.5 in (18 ft) in depth and GPR is effective at locating objects

- between-4.61 °^a n a 0 ...,a in 4A A.4LL4 T.J m ,L 4LLLL 1T 1L^ 4W1J.

Based on historical radiological analysis of soil samples from borings (Dorian and
Richards 1978), radionuclide contamination is present in the soils within the 118-B - 1 burial
ground. The migration of these contam inants within the subsurface appears to be limited.
This is less certain near trenches H and J because the vertical extent of contamination is not
characterized. There are no observable impacts to groundwater.
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3.3.1.7 Human Health Risk Characterization. The human health risk characteriza tion is
based on Dorian and Richards (1978) historical sampling data using maximum soil
concentrations detected from a depth 0 to 4.6 in ( 0 to 15 ft). The maximum analyte
concentration at this site was detected at a depth of 4.6 in 	 ft). Maximum soil analyte

------ -------concentrations-and-the sampling-d.apth —ges are summarized in Table 2-7. Risks estimated
for the frequent-use and occasional-use scenarios at the 118-B-1 burial ground are
summarized in Table 3-17.

No COPC are estimated to represent ICR > 1E-06 from ingestion or inhalation
exposure pathways in the frequent-use scenario. Cobalt-60, cesium-137, europium-152, and
europium-154 represent ICR > 1E-06 from the external exposure pathway in the frequent-use
scenario. In the occasional-use s cenario cobalt-60 represents ICR > 1E-06 from the external
exposure pathway.

The total estimated lifetime ICR to humans was considered "medium" in the
frequent-use scenario and "low" in the occasional-use scenario. The external radia tion
exposure is considered to be the primary pathway contributing to ICR. Cobalt-60 is
considered to be the greatest contributor in both s cenarios.

The total ICR anticipated, if the onset of the frequent-use scenario exposures is
delayed until 2018, is 4E-05 for the frequent-use scenario and 3E-07 for the occasional-use
scenario (Table 3-18). The primary pathway contributing to risk would remain the external
radiation pathway and the qualitative risk classification is reduced to a "low" for the
frequent-use scenario at this site (Table 3-19).

Process knowledge information  indicates that this burial ground received the bulk of
solid waste from the operation of 105-B Reactor as well as waste from the tritium separation
program gas line (108-B building). No soil sampling data of the solid waste is available at
this time, therefore no assessment of risk from this source, provided.

3.3.1.8 Human Health Risk Characterization Un certainty Analysis. General
uncertainties attributed to the methodology used in this QRA are discussed in Sec tion 2.6.4.
Uncertainties inherent in the quality of the data used in the human health risk characterization
are discussed in Section 2.6.2. Moderate uncertainty is associated with the historical data
used to characterize this site. Exposure uncertainty for external exposure is considered high

for the 1.8 to 4.6 m (6 to 15 ft) interval in the occasional-use scenario. High uncertainty for
external exposure is associated with the frequent-use scenario in the 0 to 4.6 in to 15 ft)
interval because future land-use has not been identified and frequent-use does not currently
occur at this site. General toxicity assessment uncertainty is discussed in Section 2.6.4.2 and
is considered moderate to high at this site. Table 4-1 summarizes data and exposure
unw,^Ly.

3t3-1a9--E^olo^^?1 Risk Characterization-- The- total-calcet!atede rates to the Great
Basin pocket mouse from radionuclides in the burial ground so il are listed on Table 3-20 and
summarized on Table 3-13. The total dose rate from radionuclides in soils 1.8 to 4.6 in

(6 to 15 ft) does not exceed the EHQ (1 rad/day).
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3.3.1.10 Ecological Risk Characterization Unce rtainty Analysis. The uncertainty

associated with the approach used in the qualitative ecological characterization is described in
Section 2.5.6. Presently, the site is maintained free of vegetation, therefore leading to a
reduced pocket mouse population. There is uncertainty about what vegetation would result if
revegetatiorLwere-allowed. The dose models assume that pocket mice are present and that a
food source is growing. Therefore, the highest dose is used to assess qualitative risk,
although the actual dose may be lower than this estimate. It is un certain whether pocket
mice would actually burrow to the depth of the waste or that plant roots would reach the
waste since the contaminants are buried at soil depths > 1.8 in ft).

3.3.2 118-B-2 Burial Ground

3.3.2.1 Site Description. The 118-B-2 burial ground is located 137 in 	 ft) east of the
-	 - 103-B Reactor building, direcdy we.. of the 118-B-3 burial ground (Figure 1-2). The burial

grounder approximately 18.3 by 9.1 in 	 by 30 ft) and 3 in 	 ft) deep, consisting of one
trench trending east-west. The site was used to dispose of d ry waste from the 107-B basin
repair work and minor construction work from the 115-B gas building conversion. The site
received waste between 1952 and 1956. An estimated 100 & (3,531 fO) of waste was

- - - disposed to this facility-. The-esti,:,ated radionuclide invento ry (Miller and Wahlen 1987) of
cobalt-60 is 0.39 Ci, decayed through July 1993 (6 years, 30 days). There are no 100 Area
source sites identified as analogous to the 118-B-2 burial ground.

3.3.2.2 Historical Data. There has been no historical data collected for this burial ground.
-	 which-	 identifiedTh^o;y_po^,_,̂ ow^_ _ge available is from Miller 	 ahlen 1987)	 fied
-- --- ----- -only-the presence ofcobalt-60, This is nnmrtain m nth rui loactive contaminants are

probably present from the 107-B basin repair work.

3.3.2.3 Groundwater Impact. There are no B/C Area monitoring we
ll

s located
downgradient from the 118-B-2 burial ground. Monitoring we

ll
 199-B4-4 is located

_ 1	 L	 uc U _1	 A
Up T̂I'a[11CIIL lIUID ,IIC ULLL16L grUl1IILL.

3.3.2.4 LFI/QRA Results. No intrusive investigations were completed at the 118-B-2
_burial gronn,^A - r- of chic — 1 Based on process knowledge, only cobalt-60

ont".;i„v tion :,s present; however, other radionuclides are probably present from wastes
from the 107-B basin repair work. Although there is no monitoring well data available, it is
unlikely that the 118-B-2 burial ground is impacting the groundwater as the facili ty received
only dry wastes. Because no data are available for this site, no human health risk or
ecological risk assessment was made.

3.3.3 118=B Burial Ground

3.3.3.1 Site Description. The 118-B-3 burial ground is located approximately 200 in

(650 ft) east of the 105-B Reactor building, directly east of the 118-B-2 burial ground
--- -- (Figure 1-2). it is a east-west running trench 107 x 84 x 6.1 in 	 (350 x 275 x 20 ft).

The burial ground was active between 1956 and 1960; it received an estimated 5,000 m3
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(176,550 fP) of wastes from effluent line modification and reactor-generated solid wastes.
The bulk of the waste consisted of cold-ro lled steel pipe. Based on Mi

ll
er and Wahlen

.,	
_, -	

.
-- -- i lyu 7,, me bsumalc ndionucttde-mventory- ts t^_ 3y_ Ca or cobalt-60 ; decayed to July 1993

(6 years, 30 days). There are no 100 Area source sites identified as analogous to the

118-B-3 burial ground.

3.3.3.2 Historical Data. There has been no historical data co
ll
ected for this burial ground.

Process knowledge presented by Miller and Wahlen (1987) indicate only cobalt-60 is present.

3.3.3.3 Groundwater Impact . Monitoring well 199-114-8 is located downgradient of the
118-B-3 burial ground; well 199-B9-3 is located upgradient from the burial ground, but at a
considerable -distance (> 400 in 	 ft)) -('able -3-6): The downg adient well shows
tritium, strontium-90, and technetium-99 contamination (Table 3 -21). The upgradient well
shows tritium and technetium-99 contamination at concentrations slightly higher than those in
the downgradient we

ll
 (Table 3-21). It is unlikely that the 118-B-3 burial ground is the

source for the contamination shown in well B4-8. Several 100-BC -1 and 100-BC-2 Operable
Unit source sites are possible down /cross gradient sources (Figure 1-2).

3.3.3.4 LFI Results. No intrusive inves tigations were completed at the 118 -B-3 burial
-- -	 ground -as-part of the LFI. - Based on process knowledge, the only radionuclide present is

-

	

	 - -cobalt 641. -It is unlikely that -the burial- -ground it a so,:— of goonwdwater contamina tion.
Because no data are available for this site, no human health risk or ecological risk assessment
was made.

3.3.4 118-B-4 Burial Ground

3.33.4.1 Site Description. The 118 -B-4 burial ground is located approximately 91.4 in

(300 ft) northeast of the 105 -B Reactor building within the 105 -B exclusion area fence .
Because it is within the exclusion area fence, no permanent concrete marker posts were

- - -required. The burial gro-1:nd is approximately 15.2 x 9 .2 x 4.6 m deep (50 x 30 x 15 ft). It
consists of six pits constructed of 1.8 in ft) diameter metal culverts, buried vertica

ll
y.

The burial ground was utilized between 1956 and 1958 for the disposal of fuel spacers.
Based on Miller and Wahlen (1987), the estimated radionuclide invento ry is 0.39 Ci of

- - cobalt-60-, -deyed to July 1993 (6 years, 30 days). There are no 100 Area sour ce sites
-- - ---- - - - - identified -as-analogous.° to —tha  11 A_Rd --- gron..nd.

3.3.4.2 Historical Data. There has been no historical data co llected for this burial ground.
-- -- --Process 

knowledge
 pr esented m M

il
ler and Wahlen liyaTj indicate only cobalt-60 is present. r---^

3.3.4.3 Groundwater Impact. Monitoring we
ll

 199-B4-1 is located downgradient of the
118-B-4 burial ground; we

ll
 199-B4-4 is located upgradient (Table 3-0. Tritium,

strontium-90, and technetium -99 contamination was found in similar concentrations in both
we

ll
s (Table 3-22). The semi-volatile organic (semi-VOL) bis(2-ethylhexyl)phthalate was

-found in well B4-1(Table 3-22}.- Bis(2-ethylhexyl)phthalatP was remmmd f:nm the COPC
list in the 100-BC -5 LFI (DOE-RL 1993b) as a laboratory contaminant. It is unlikely the
118-B-4 burial ground is a source of groundwater contamination.
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3.3.4.4 LFI Results. No intrusive investigations were completed at the 118-B-4 burial
ground as part of the LFI. Based on process knowledge, the only radionuclide present is
cobalt-60. There is no observable groundwater impact. Because no data are available for
this site, no human health risk or ecological risk assessment was made.

3.3.5 118-B-6 Burial Ground

3.3.5.1 Site Description. The 118-B-6 burial ground is located approximately 107 in

(350 ft) northeast of the 105-B Reactor building, just outside of the exclusion fence
(Figure 1-2). It is approximately 12.2 x 12.2 x 6.1 

in
	(40 x 40 x 20 ft) and consists of

two 1.8 in ft) diameter, 5.5 in 	 ft) long concrete pipes buried vertically, topped with
light metal caps. Tritium wastes and tritium recovery wastes, primar ily aluminum target
cans and lead target melting pots, generated during the metal line opera tion of the tritium
separation program, were disposed of in the burial ground. Based on Mi

ll
er and Wahlen

(1987), the estimated radionuclide inventory is 7804 Ci of tritium, decayed to July 1993
(6 years, 30 days). There are no 100 Area source sites identified as analogous to the
118-B-6 burial ground.

_- -__ _ _ _-3.3.5.2- -aistorical-Data. There has been nn historiCa'1 data collected for this burial ground.
--Process k-nowl-edge presented in Miiier and Wahlen (1987) indicate only tri tium is present.

3.3.5.3 Groundwater Impact. - Monitoring well 199-B4-1 is located downgradient of the
Il-8=B-6-burial ground; we ll 1-99-114-4 is- -located-upa adient {Table 3-6). Tritium.
strontium-90, and technetium-99 contamination was found in similar concentrations in both
wells (Table 3-22). The semi-VOL bis(2-ethylbexyl)phthalate was found in well B4-1
(Table 3-22). Bis(2-ethylbexyl)phthalate was removed from the COPC list in the 100-BC-5

-	 LFI (DOE=R_L--1993b} asa- laboratory -contaminant, _It is unlikely the 118-B-6 b l.- l ,yo'•.nd
is a source of groundwater contamination.

- ,- --	 -, , ,S^	 F; Re^;l's= 1L3 ,^ vs _LttvrattyauuW _were-completed- at. the -1-1R-R-6 bLrial

ground as part of the LFI. Based on process knowledge, the only radionuclide present is
tritium. There is no observable groundwater impact.

3.3.5.6 Human Health Risk Characterization. No LFI soil sampling data, historical so il
sampling data or analogous site data are available for this site. Therefore no assessment of

-- hurnann health risk was made..

_ 3.3.5.7 Ecological Risk Characterization. No LFI or historical sampling data are available
from this site, therefore no ecological risk characteriza tion is provided.

3.3.6 118-C-1 Burial Ground

3.3.6.1 Site Description. The 118-C-1 burial ground is located approximately 152.4 in
- 500 ft southeast of the 105-0-Reactor buildin	 ' ^	 '-

	

	 g (Figure-t-^}. The site oounaartes are
_permanently marked with concrete posts numbered C-70-1 through C-70-21. The burial
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ground is an east-west trending irap2zcid approximately 155.4 x 122 x 4.6 m deep (510 x
400 x 15 ft). The site consisted of many north-south trenches, typically 91 x 61 m (300 x
200 ft), and six 3.04 x 3.04 in 	 x 10 ft) pits.

The 118-C-1 burial ground was in service from the spring of 1953 to 1969 as the
primary burial ground for 105-C Reactor operation wastes. It received an estimated waste
volume of 10,000 m3 (353,100 ft') including process tubes, aluminum spacers, control rods,
soft waste, and reactor hardware (DOE-RL 1993a).

Miller and Wahlen (1987) reports an estimated radionuclide inventory as follows:

Quantity in curies
Radionuclide (decayed through 7-1-93)
tritium 2.5
carbon-14 _	 1.3
cobalt-60 91.2
nickel-59 1.3
mc=I-63 i67
strontium-90 0.2
cesium-137 0.3
europium-152 0.95
europium-154 0.05
barium-133 0.1
calcium-41 0.01
silver-108m 4.5

Estimates of metallic and other wastes for the 118-C-1 burial ground are (Miller and
Wahlen 1987):

Material
	

Amount (Tons)
Aluminum'
	

94.8
Boron
	

1.2
Graphite
	

0.56
Lead
	

23.8
Lead/Cadmium
	

105.9/4.4
Other'
	

211

' Includes aluminum cans on lead/cadmium pieces, spacers and aluminum contained
in splines.

a Includes boron from splines, VSR, and HCR.
' Includes soft waste, desiccant, and miscellaneous materials.

3.3.6.2 Geophysical Surveys. Surface based reconnaissance GPR and EMI surveys were
completed at the 118-C-1 burial ground (Mitchell and Bergstrom 1993). Eleven areas,
representing trenches, pits and other features were identified in the survey by areas of high

- -	 anomaly concentration. Numerous other smaller features of unknown origin were also
--- - ---- identified_ -Mitnhelland_Bergsuom-(19.93)-present-an-interpretation map of the 118-C-1

-
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burial ground showing the 11 zones and other detected features. The repo rt also presents an
estimated depth to detected features of 0.61 to 4.3 in to 14 ft) based on GPR results.

The survey showed one zone of buried debris extending outside the permanent burial
^*^^^^ ^^^*Uar^ This zone of shallow buried debris extends west of the western bounda ry .ba...a.aa. aa.a..aa.a u.

The character of the zone suggest that it could be construction debris, possibly left over from
the demolition of one of the many structures that once occupied the area.

The geophysical methods used in the survey achieved a good de finition of buried
waste. Electro-magnetic induction was effective at locating concentrations of meta

ll
ic debris

possibly up to 5.5 in 	 ft) deep. (hound-penetrating radar was effective at locating objects
between 0.3 and 4.3 in and 14 ft) in depth.

3.3.6.3 Historical Data. There were no historical soil sampling data co
ll

ected in the
118-C-1 burial ground. Process knowledge presented in Mi

ll
er and Wahlen (1987) identified

the following contaminants:

•

	

	 radionuclides: tritium, carbon-14, cobalt-60, nickel-59, nickel-63,
strontium-90, cesium-137, - europium-152, europium-154, barium-133,
....1.. 1.... Al , ..d ..:1....- !no

----	 val^iwu-r, auu suvcl-vo

•	 metals: aluminum, boron, graphite, lead, and lead/cadmium.

3.3.6.4 Analogous Sites. Burial grounds within the 100 Areas analogous to 118-C-1 are
listed on Table 1-2. The analogous sites in 100 D/DR, 100 H, and 100 F Areas have not
been investigated. The 118-B-1 burial ground has the same list of analogous sites; therefore,
118-B-1 may be analogous to 118-C-1. The results of the investigations on 118-B-1 are
found in Section 3.3.1 of this LFI.

3.3.6.5 Groundwater Impact. Monitoring wells 199- 119-1, 199-139-2, and 199-139-3 are
-- -- -- located downgradient of the-11.8-C-1-burial mound;-there-are no n Ir Area monitoring we

ll
s

upgradient of the burial ground (Table 3-6). The downgradient wells show consistent
---_-- -- _-_- -_-itium	 and ±eyhnetium-99 r ntatn t e^ !Table 3-1.31 The 116-C-2 pluto crib

system and 116-C-6 settling pond are located in between the burial ground and the
monitoring wells; it is more likely these sites are the sources for the groundwater
contamination. It does not appear that the 118-C-1 burial ground is impacting groundwater.

- - - - 3.3-.6.6 €,FI-H	 . No-intrusive investigations-werecompleted at the i is C-1 burai
ground as part of this LFI. Surface based reconnaissance GPR and EMI surveys were

- -- -completedio-locate-thLheaviesteoncentraiion o€buuied debris: Based on the geophysical
surveys, the overwhelming majority of the buried wastes were found within the permanent
burial ground markers. The trench which continued outside the permanent markers probably
contains construction debris from the demolition of one of the many structures that once
occupied the area.
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Based on analogous site comparison, there could be radionuclide contamination within
the 118-C-1 burial ground soils. Migration of these contaminants within the subsurface is
assumed to be limited. There is no observable groundwater impact.

3.3.6.7 Human Health Risk Characterization. This site is considered to be analogous to
the 118-B-1 burial ground. Section 3.3.1.7 evaluates the human health risk at the 118-B-1
burial ground.

- 3.1 6 8 Vh " -ten AcwHh Risk Characterization Uncertainty Analysis. This site is
considered to be analogous to the 118-B-1 burial ground. Section 3.3.1.8 evaluates the
human health risk characterization uncertainty at the 118-B-1 burial ground. Uncertainty
associated with the data and exposure may be amplified since no local data exists and all data
comes from analogous sites.

3.3.6.9 Ecological Risk Characterization. This site is considered to be analogous to the
118-B-1 burial ground. Section 3.3.1.9 evaluates the ecological risk at the 118-B-1 burial
ground.

3:3.6:10 Tcologicai Risk - Characterization Uncertainty Analysis. See Section 3.3.1.10 for
ecological risk characterization uncertainty analysis for the 118-B-1 burial ground.

3.3.7 118-C-2 Ball Storage Tank

3.3.7.1 Site Description. The 118-C-2 ball storage tank is a 1.8 in ft) diameter by
--1.5 m_(:ift)-deepunderground storage tankof unknown-construction-lor?+_ed northeast of the

C Reactor building (Figure 1-2). Two visible standpipes mark the tank's location. The tank
was used to store approximately 9,070 kg (10 tons) of highly irradiated boron steel and
carbon steel balls used to test a "hot" ball sorter prototype during the ball 3X project.

Miller and Whalen (1987) report the estimated radionuclide inventory as follows:

Quantity in curies
Radionuclide
	

(decayed through 7-1-93)
cobalt-60
	

36
nickel-63
	

1.5

There are no 100 Area source sites identified as analogous to the 118-C-2 ball storage
MR

3J.7.2 - Historical Dates— It here has beer, no historical data collected for the 118-C-2 ball
storage tank. Process knowledge presented in Miller and Wahlen (1987) indicate that
cobalt-60 and nickel-63 are present.

3.3.7.3 Groundwater Impact. There are no monitoring wells downgradient from the
118-C-2 ball storage tank close enough to be useful in determining the impact it has on
groundwater. Monitoring well 199-B4-5 is the closest well, however; it is over 200 in

-	 -
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(656 ft) away and there are numerous other possible source sites (Table 3-6). There are no
B/C Area monitoring we lls located upgradient of the storage tank.

3.3.7.4 LFI Results. No intrusive investigations were completed at the 118 -C-2 ball
storage tank as part of the LFI. Based on process knowledge, the storage tank contains

"---_-`--`.- -boron -steeland -wbw-steel -balls rnntam ;nattP_ -with-cobalt-60 and ,niidrel_/,3. Although there
are no monitoring well data available, based on facili ty use, it is unlikely that the 118-C-2
ba

ll
 storage tank is impacting the groundwater. Because no data are available for this site,

no human health risk or ecological risk assessment was made.

3.3.8 118-04 Horizontal Control Rod Storage Cave

3.3.8.1 Site Description. The 118-C-4 horizontal control rod storage cave is a

12.2 x 7.6 in 	 x 25 ft) concrete tunnel covered with a 1.2 in ft) thick mound of dirt
located south of the C Reactor building (Figure 1-2). It was originally used to store

contaminated horizontal control rods for radioactive decay. It is currently suspected to

contain miscellaneous reactor facility components (DOE-RL 1991b). Based on M iller and
Wahlen ( 1987), the estimated radionuclide invento ry is 0.39 Ci of cobalt-60, decayed through
July 1993 (6 years, 30 days). The radiation reading at the entrance to the tunnel is

5 mrem/hr (DOE-RL 1991b). Sites within the 100 Areas which are analogous to the
-- ---- - ?-18-C-4 horizontal - control-rod storage cave are listed on Table 1=2. However, there have

nother.) any inyretigatioILS completed on analogous sites.

3.3.8.2 Historical Data. There has been no historical data collected for this burial ground.

- - - ---Process-knowledge preen*̂  in Miller and Wahlen ( 1987) indicate only cobalt-60 is present.
This is uncertain as the contents of the cave are undocumented: other radioactive
contaminants may be present.

- - -3.3:8.3 -Groundwater impact. There are no monitoring wells downgradient from the
118-C-4 horizontal control rod storage cave close enough to be useful in determining the

impact it has on groundwater. Monitoring well 199-114-5 is the closest well; bowever, it is
over 400 in 	 ft) away and there are numerous other possible source sites (Table 3-6).

nip ♦_ 	 __n- ,.Ca..
 up gradient-_ - — -- are no n,^ ^r;._a_ ma:::,.:;:mg w_;.::s ::;,,a^,,,. upgradient of the storage cave.

3.3.8.4 LFI Results. No intrusive investigations were completed at the 118 -C-4 horizontal
control rod storage cave as part of the LFI. Based on process knowledge, the storage cave

- contains only cobalt-60. The contents of the cave are not known, therefore, other
contamination may exist. The radiation reading at the cave 's entrance is 5 mrem/hr
(DOE-RL 1991b). Although there is no monitoring we ll data available, it is unlikely that the
118-C-4 horizontal control rod storage cave is impacting the groundwater. Because no data
are ava

il
able, no human health risk or ecological risk assessment was made.
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3.3.9 128-C-1 Burning Pit

3.3.9.1 Site Description. The 128-C-1 burn pit is located due east of the 105 -C Reactor
building between the protected area fence and the 105-C Area perimeter road (Figure 1-2).
It is approximately 68.6 x 38 . 1 m (225 x 125 ft) with broken glass and ash marking the area.
The pit was used to dispose of combustible materials (vegetation, office wastes, paint waste,
chemical solvents), hardware, and noncontaminated mis cellaneous equipment
(DOE-RL 1991b). Sites within the 100 Areas which are analogous to the 128-C - 1 burn pit
are listed on Table 1-2. However, there have not been any inves tigations completed on the
analogous burn pits.

3.3.9.2 Historical Data. There bas been no historical data co llected for the 128-C-1 burn
nit
-- Thr	 ere is no process knowledge or waste inventories available.

3.3.9.3 Groundwater Impact. There are no B/C Area monitoring wells located up or
downgradient from the 128-C-1 burn pit.

3.3.9.4 LFI Results. No intrusive investiga tions were completed at the 128-C-1 bum pit as
part of this LFI. The pit was used to dispose of combustible materials, including paint waste
and chemical solvents, hardware, and noncontaminated equipment. The paint waste and
chemical solvents could possibly have contaminated the so ils in the bum pit. Although there
are no monitoring well data ava ilable, it is unlikely that the 128-C-1 burn pit is impacting the
groundwater. Because no data are ava

il
able, no human health risk or ecological risk

assessment was made.

3.3.10 132-C-1 Reactor Exhaust Stack Burial Site

3.3.10.1 Site Description. The 132-C-1 reactor exhaust stack was a 61 m (200 ft) high by
5.1 m (16.6 ft) base diameter exhaust stack const ructed of reinforced concrete (Figure 1-2).
It received exhaust air from the C Reactor building prior to the completion of an exhaust air

- 
fil

ter building in 1960, and from the 132ti-3 exhaust air filter building after 1960. In 1985
the stack was demolished and buried on site in a 9.1 x 61 x 5.5 m (30 x 200 x 18 ft) trench.
The total radionuclide inventory in the buried rubble was estimated by Beckstrom (1986) to
be 2.8 mCi. Sites within the 100 Areas which are analogous to the 132-C-1 reactor exhaust
stack are listed on Table 1-2. However, there have not been any in vestigations completed on
the analogous exhaust stacks.

3.3.10.2 - Historical Data.- Dorian and Richards (1978) took standard smear samples of the
stack inlet. Analysis of these samples showed detectable concentrations of the following
radionuclides: cobalt-60, strontium-90, cesium-137, europium-154, plutonium-238, and
plutonium-239/240.

Concrete core samples were taken from the interior surface of the stack prior to
demolition (Beckstrom 1986). Analysis of these samples showed radiation contamination
penetrated the interior surface of the concrete to a depth of 0.6 cm (0.25 in). Based on the
results from these samples, the total radionuclide inventory was estimated to be 2.8 mCi. An
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allowable residual contamination level value of 49.4 pCi/g was calculated, based on the
detected contamination, for the buried rubble of the reactor stack.

3.3.10.3 Groundwater hnpact. There are no monitoring wells downgradient from the
132-C-1 reactor exhaust stack burial ground close enough to be useful in determining the
impact it has on groundwater. Monitoring well 199-114-5 is the closest downgradient well;
however, it is over 400 in 	 ft) away and there are numerous other possible source sites
(Table 3-6). There are no B/C Area monitoring wells located upgradient of the exhaust stack
burial ground.

3.3.10.4 LFI Results. No intrusive investigations were completed as part of this LFI.
Based on the results of samples of the exhaust stack taken before demolition, the radionuclide
contamination is limited to a small percentage of the concrete rubble in the burial site.
Although there are no monitoring well data available, it is unlikely that the 132-C-1 reactor
exhaust stack burial ground is impacting the groundwater. Potential human health risks and
risk uncertainties associated with the stack burial site have been addressed using the
parameteIa 31 the residential/construction sCeIlart ^v
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Regulatory Commission as part of 10 Code of Federal Regulations Part 61 (Beckstrom
1986). Based on this calculation, the 132-C-1 stack burial site was released for unrestricted

-	 use and no iunher action was required (Beckstrom 1986). Based on the above
considerations, no human health evaivation is provided. Because no sampling data are
available, no ecological risk assessment was made.

3.3.11 132-C-3 Exhaust Air Filter Building Burial Site

13 1 L :te	 p on = e-1 2-C 3-e-	 t - . r fi ter building (Figure I=2) housed the
particulate and activated charcoal filters and the air flow control systems for the C Reactor.

-- - -- -- -Reactor-txhaust- gasses-pas 	 these-filters-before being d..:.echarna'i through the
132-C-1 reactor exhaust stack.

The filter building was a concrete, mostly subsurface, structure 18 x 11.9 x 10.7 in
high (59 x 39 x 35 ft) housing two identical filter cells. Only 2.4 in ft) of it was above
grade. ThC 132-C-3 building was built around-060, partially demolished in 1984,
completely demolished in 1988 and buried in place. It was decontaminated before
demolition. The total radionuclide inventory of the filter building rubble was estimated to be
0.84 mCi (Beckstrom 1985).

3.3.11.2 Historical Data. Dorian and Richards (1978) took standard smear samples from
the filter cells within the 132-C-3 filter building. Analysis of these samples showed
detectable concentrations of the following radionuclides: tritium, carbon-14, cobalt-60,
strontium-90, cesium-134, cesium-137, europium-154, plutonium-238, and
plutonium-239/240.

Paint and concrete core samples were taken from the inlet and outlet ducts of the
filter building prior to demolition (Beckstrom 1985). Based on the results from these
samples,-the-total_ radionuclide inventory _was estimated to be 0.84 mCi . Allowable residual



DOEM,94-42, Rev. 0

contamination level values were calculated using three different methods yielding the
_following results: Method I- 8,48 nCi/g; Method lI - 9.27 pCi/g; and Method

III - 10.5 pCi/g (Beckstrom 1985).

3.3.11.3 Analogous Sites. The 132-B-4 filter building burial site (100-BC-1 Operable
Unit), and the 117-D filter building burial site (100-DR-1 Operable Unit) are the sites
analogous to the 132-C-3 exhaust air filter building burial site for which data are available.
Both facilities have been demolished and buried in place. The 100-BC-1 LFI report
(DOE-RL 1993d) discusses the 132-B-4 facility. The 100-DR-1 LFI report (DOE-RL 1994c)
discusses the 117-D facility. Similar contaminants are found in all three facilities.

3.3.11.4 Groundwater Impact. There are no monitoring wells downgradient from the
-

	

	 132 C 3 exbaust air filter building burial ground close enough to be useful in determining the
impact it has on groundwater. Monitoring well 199-B4-5 is the closest downgradient well;

- -

	

	 - however,-it is-aver 400 m {1,312 fl) ara, and there are numerous other possible source sites
(Table 3-6). There are no B/C Area monitoring wells located upgradient of the filter
building burial ground.

3.3.11.5 LFI Results. No intrusive investigations were completed as part of this LFI.
Based on the results of samples of the filter building inlet and outlet ducts, radionuclide
contamination is minimal. Although there is no monitoring well data available, it is unlikely
that the 132-C-3 exhaust air filter building burial ground is impacting the groundwater.
Potential human health risks and risk uncertainties associated with the building burial site
have been addressed using the same approach used for the 132-C-1 reactor stack burial site
(Beckstrom 1985). Demolition of the building was approved based, in part, on this analysis
(Beckstrom 1985). Based on the above considerations, no human health evaluation is
provided. Because no sampling data are available, no ecological risk assessment was made.
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Figure 3-3 Schematic of the 116-C-2A Pluto C rib
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Sampling Results for 199- 139-4 Borehole, 116-C-2A Pluto Crib
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Figure 3-6 Schematic of the 116 -C-2B Pluto Crib Pump Station
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--	 - alele 1 5,unimar of Anaiitical Results for Nonwaste Site Samples:
100-BC-1 and 100-BC-2 Operable Unit LF1 (Page 1 of 2)

SampleNo. B08R65 B08RB6 B05XZ4 605X25 95%
Depth (tt) 0 0 0 0 UTLp

BC-2 BC-2 BC-1(a) BC-1(a)

Inorganics k
Aluminum 7930 7510 6640 6860 15600
Antimorry U U U U 15.7121
Arsenic 25 S 2.8 2-2 _ 2.8 B.92
Barium 73.6 70 71 77.2 171

Beryllium 0.25 B 0.29 B 0.24 0.23 1.77
Cadmium U U 0.46 U 0.66(21
Calcium 5860 5980 3300 3760 23920

Chromium 12.7 11.4 8 8.9 27.9
Cobalt 8 B 88 8.2 7.6 19.6
Copper U U 11.2 13.1 282
Iron 16900 16600 14900 14300 39160
Lead 5.1 52 4.8 4.4 14.75

Magnesium 4330 4410 3610 3860 8760
Manganese 2.W 284 • 296 286 612

Mercury U U U U 125

Nickel 11.6 10.8 8.3 9.8 25.3
Potassium 1670 1670 1490 1570 3120

Silver U U U _ U 27_
Sodium U U 729 130 12.9

Vanadium 35.4 • 33.8' 30 27.7 111
Zinc 35.3 EJ 35.1 EJ 39.6 36.6 79

Radionuclides	 i
jGrowApha 1 n7 J (R) 12 'PI U- u Nn
Gross Beta

rossB I	
18 (R) 13 (R) 10.6

^
7.82

^
NR

i ., - -	 -^..^ - --z.:ts - NR
NA NA NA NA NR

I

Na-22
K-40 I	 15 (R) 13 (R) 13.56 J 13.85 J NR
Co-68 U U NA NA NR
Co-60	 - U U U U NR

NA NA NR
Sr-90
NM	 I5.4(R)(J)I4.6(R)(J)I

U U 0.209
I

U
I

NR
Eu•152 _ - -	 U _ _	 U NA NA NR
Eu-154 U U NA NA NR
Eu-155 U U NA NA NR
Ra-226 0.68 (R) 0.71 (R) 0.5253 J 0.8203 J NR
Ra-228 0.93 (R) 1.1 (R) NA NA NR
Th-228 0.88 (R) 1.3 (R) 0.6502 J 1.1791 NR
Th-232 0.93 (R) 1.1 (R) 1.3 J 0.8674 J NR

U-233/234 0.48(R)(J) 0.49(R)(J 0.5891 0.621 J NR
U-235 U U 0.0255 0.0202 R NR
U-238 0.58(R)(J) 0.5(R)(J)

1

0.634J 0.621 J NR
Pu-239/240 U U 0.00431 0.0067 NR

Am-241 U U 0.0118 U NR

3T-la
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Table 3-1 Summary of Analytical Results for Nonwaste Site Samples:
100-BC-1 and 100-BC-2 Operable Unit LFI (Page 2 of 2)

Sample No. B08RB5 BOSRB6 B05XZ4 B05XZ5 95%

ft 0

I	

0 0

I	

0

I	

UTL 1

Wet Chem( & Anions .	 is	 .
Suffate U U 32 32 1	 1320

NO2/NO3
I	

U U 5.09 4.19 199[3)

NA: Not Analyzed for

NFt Not reported

U: Undetected

J: Estimated Value

B: Detected below contract required detection limit

Duplicate analysis 	 within control limits

S Ostwmined by the method of standard additions

F Estimated value

Ft Rejected value

0: Estirrnat0d vatea, ntualiled be validatora for admistratiw reasons

dilate	 . revenoaaon m plate unowway

(RI: Rejected by vatidatom for	 reasons due to incomplete WPanwrk tramter,

used per Westinghouse Hanford Co. instructions, revalidation of data underway

(a): Alter 1008C-1 LF I POE-RL 19930)
[1): 95% mrdi 1 ce limit of the 95th percentile at the data distribution
[2(: Limit of detection
(3): Valve reported for nitrate only

3T-lb
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Sann le No.	 BOOM	 BOBR96	 B0OR97 108IR99i,	 8 	 BO11RBI	 808882P BO8RB3 BOB,R84 B08RB0JTO8R91

Depth Ittl	 22.9-28.9	 i!2.9-28.9	 22.8-28.927.5-301	 2'7.6-30	 35-37	 42-44 48.2-60.7 55.57 Equipment

Split	 Dupllcele Blank

We Chemist	 6 Anions (mg/Ik )

1L9'02/NO3	 NA ^,	 U	 4 23	 14.72	 U	 3?31	 2?48	 3A8	 U
Inorganics (m /k 1
-Aluminum NA 61301 3240)

_
5070 4430 4490 4990 - 4460 4090 200

'Antimony NA U U U U U U U U l'1
Arsenic NA 2.4 1.6 1.78 1.68 1.68 1.28 1.3B O.898 ll
Barium NA 74.7 84.4 52.3 76.1 52.8 59.3 50 60.4 4.6 B

Beryllium NA 0.27B U 0.288 0.38 0.318 0.268 0.248 0.268 U
Cadmium NA 2.2 2.1 U U U U U U U
Calcium NA 9400J 6150J• 6920 7210 7020 6690 6080 6210 U

Chromium NA 235 220 15 14.8 6.3 7.2 4.9 5.5 Li

Cobalt NA 6.68 4.18 13.6 13 14.2 13.3 11.5 1i.8 U
Copper NA U 7 U U U U U IJ U
Iron NA 14200) 7520) 26200 25600 27900 26600 23000 25200 447

Lead NA 4 4.1 JNS 3.35 3.5 2.9 2.1 3 2.7 ll
Magnesium NA 4530) 2240) 4590 4110 4780 4530 4180 39,70 U
Manganese NA	 _ 347 6 261 309 • 308 0 311• 361• 282 • 297 0 15.8 1

Mercury NA U U U U U U U 0.058 tl
Nickel NA 17 11.7 6.98 7.38 6.68 7.88 7.78 6.38 U

(Potassium NA 989 606 8348 6208 5898 6598 665B 51,78 U
Silver NA U U U U 1.18 0.948 0.978 IJ U

Sodium NA U 1068 U U U U U IJ U
Vanadium NA 29.5 0 10.6 63.3 • 58.21 59.1• 56 • 35.8• 59 • 0.598 0

Zinc NA 188EJ 162JN• 45.1EJ 41.9EJ 41.5EJ 41EJ 32.7EJ 40 1E U
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Sample No.
Depth Iftl

B08R96
22.9-26.9

808R9^8
22.9-26.9 :i!2.9-28.9

^ r1 808R87

Spilt

BO BR

27.6 30
808898
27.5-30
Duplicate

B08H81
35-:17

BOBRBa
42.44

808RB3
48.2-50.7

808884
55-57

B06RB0
Equipment

Blank

Rad)onuddes IPCi /o)
Gross Alpha 14 (R) 1918) 44(J) 3.41R)J 2318) U BJIR) 4.2J(R) 6,4JIR) 4.6 J(RI
Gross Beta 650 (RI 23018) 3101J) 400119) 660(R) 23011R) 67(R) 4218) 15181 9.4 JIR)

C-14 U U U U U U U 63(R)(J) U U
Na-22 NA NA 5.46(JI NA NA NA NA NA NA NA
K-40 U 17(RM '13.8(R)(J) 201R1) 2318) 8.218) BAR 6(R) 7.51R) 6.1 (R)

Co-68 U U 0,.6731RIIJ) ^ U U U U U U U
Co-60 210181 38(RM 431 111)(J) 47 ( 81) 52(R) 0.09618) U U U U
NI-63 5500(R)(J) 30001 1 11I1J) 3200J 19001RW) 22001 13)(J) 33( 111 '0 ) 12 (R)(J) 5.91R)(J) 4.81 11)(J) U
Sr-90 36	 1111111,11 291810 1 29J 48(RIIIJ) 49(R) (J) 9218)1.1 ) 27(R)(J) 15(R ) (J) U U

Eu-152 690 (R) 1601811 1431R)(J) 1 (101R) 180181 0.24181 U U U U
Eu-164 73 (R) U 22.118)IJI 16181 201R) U U U U U
Eu-165 4.9 IR) U U U U U U U U U
Re-228 U U U U U 0.33(R) 0.33(R) 0.16 ( 11) 0.361R) 0.17 (R)
Re-228 U U NA U U 0.49(R) 0.618) 0.47 ( 8) 0.52(R) 0.34 IRI
Th-228 U 0.93 ( FI) U U U 0.48(R) 0.421 11 ) 0.3418) 0.59(R) 0.21 (R)
Th-232 U U NA U U 0.4918) 0.60 0.47 (8) 0.52(R) 0.34 (R)

U-233/234 10 .44(R ) (J) 0.14 (R)(J), NA 0.471R)IJ) 0.571R)(J) 0.54(F9)(J) 0.321 111I(J) 0.39(R)(J) 0.35 ( R)(J) 0.21 JIM
U-235 U U 0.0066 (R)J U U U U U U U
U-238 p.411R1(J) 0.46(R ) IJ) b.12(R)J 0.4319)(J) 0.34(R) (J) 0.43081(J) 0.471R)(J) 0.491R) (J) 0.62(R)(J) 0.24 J(R)

Pu-239/240 6 .074(R)(J) 0.036J(RI' 0.0031 131(J)(1) 0.0'14J(R) 0.023J(R) U U U U U
Am-241 0.91 (R)(J) 0.17(8)1,1 1 0.43(R)J U 0.321111110) U U U U U

NA: Not Analyzed for
U: Undetected

J: Estimated Value
N: Spiked sample recovery not within control limits
a: Detected below contract required detection limit
•: Duplicate analysis not within control limits

S: Determined by the method of standard additions
E: Estimated value
R: Rejected value
(J1: Estimated value, queliled by validatore for admistrotive reasons due to Incomplete paperwork transfer: revalidation of date underway

IRI: Rejected by validatore for administrative meeting due to Incomplete paperwork plunder, used per Westinghouse Hanford Company Instructions,
revelklatlon of data underway

111: Value reported for Plutonium-239 only
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Table 3-3 Summary of Analytical Results for the Concrete Sample
from the 199-B9 -4 Borehole: 116-C-2A Pluto Crib

Sample No. BOSRB7 95%

Depth (ft) 229-26.9
Concre

te
UTL[1]

hiei cImmieVy 6 Anions Im3'1
^

9)	
—^Sulfate_	 I	 N	 r?32^	 I

rwc ir„a	 Pin	 i 9a 2

Mat9^ (m9te9)

Aluminum 14200 15600
Antimony 4.6NBJ 15.7[31
Arsenic 5.3 _

I	
8.92

Barium 118 171
Beryllium 0.848 1.77
Cadmium 3.2 0.66[3]

I	 calcium I	 46600 23920
Chromium 629 27.9

Cobalt 125 19.6
Copper 29.3 282

Iran 19600 39160
Lead 6.6 14.75

Magnesium 4550 8760
Manganese 661* 612

Mercury 0.078 1.25
irvioitei 21.3 25.3

Potassium 1130 3120
Sam U 2.7

Sodium U 1290
Vanadium 48.3* 111

Zino 198EJ 79

NA: Not Analyzed

U: Undetected

J: raWnlded Valve
It Spiced sempm recovery not within conVol 9mib
B: Defeated below contract required demo tion limit

Duplicate anelyab not within control limits
[7): 95% confidence limit of the 95th percen tile of the

dam diabitwilon
[2): Maim reported for nitrate only

[3): Lima of detec
ti
on

3T-3
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Test Hole
Sample

Radionuclide (pCi/g)

A B
31 It	 35 It	 50 ft

C D
25 It	 30 It	 1	 35 It

E
35ft

Tritium
_

NR NA 2.6 NA NR NA 8.7 NA 49
Cobalt-60 NR 0.17 0.21 0.019 NR 0.82 1.4 0.23 0.11

Strontium-90 NR 72 72 25 NR 9.9 150 110 110
Cesium-134 NR NA NA NA NR " <0.001 <0.001 NA
Cesium-137 NR 0.074 0.094 0.0046 NR 0.1 0.087 0.046 0.0057

Europium-152 NR 0.19 0.46 * NR 0.58 2.2 0.5 0.26
Europium-154 NR " 0.11 " NR " 0.069 " NA
Europium-155 NR 0.19 0.16 0.099 NR 0.0086 0.2 0.17 0.18
Total Uranium, NR NA 0.1 1 nd NA NR NA NA NA NA

': Below detection limit

NA: Not analyzed for

nd: Isotope activity not decayed, Isotope half-life large enough no significant change in activity has occurred

NR: Not reported
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Table 3-5 Analogous Site Comparison for 116-C-2A Pluto Crib System (Page 1 of 2)

Maximum Concentration 116-C-2A 116-F-4 116-B-3 1164)-2A 95% UTL (c)

INORGANICS (a) mg/kg mg/kg mg/kg mg/kg mg/kg
Barium BB 208 BB BB 171

j	 a3mium 2.t U 1.8 U 0.66(d)
Chromium 235 BB 44.5 BB 27.9
Silver - BB 3 BB 2.7
Zinc 188'E BB BB BB 79

VOLATILE ORGANICS ge/ko a0k lLzlkg jtgn n

2-Buumne NA 22 5' U NR
4-Methyl-2-pentaaone NR U 3' U NR

I Acetone I	 NA 14-- 40 U NR
Benzene NA U 1' U NR
Methylene Chloride NA 5' U 3' NR
Toluene NA 13 U 2' NR

SEMI-VOLATILE aelke /k !k uj!lkg ua/k
Anduacene NA U 27' U NR
BenzoWenthmcene NA U 1601 U NR
Benm(a)pyrene NA U 97' U NR
Benm(b)fluorantheae NA U 1001 U NR
BmailklH	 She NA - Tr !30'	 - U Nn

bis(2-Ethylhexyl)phthalate NA 800 U U NR
inryaenr --NA U 19V U NR
Di n Mttylphthslate NA 2801 U U NR
Di-noctylphdmlate NA 1701 U U NR
Flumauthene NA U 310' U NR
Pbcmmd rme NA U 12V U NR

PESITCIDESlPCB uefke uElke wih !k /k
F.ndrin NA U U 16' NR

RADIONUCLIDES / i!2 VCi/ i/ U
Carbon-14 630 --U 3.5V <1 NR
Potassium-40 23AD 12 U 13.4' NR
Cobalt-60 210M <1 U <1 NR
Nickel-63 5500(`)m NA NA NA NR
Strontium-90 92axn 1,500 39.2' 26 NR
Cesium437 U 1,800 78.58 105' NR
Europium-152 690(`) 16 U 6.87' NR
Europium-154 73P1 U U 5.01' NR
Europium-155 4.r' NA U U NR

<I 4444 -<i U 13' NR

3T-5a
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Table 3-5 Analogous Site Comparison for 116-C -2A Pluto Crib System (Page 2 of 2)

Mazdm=n Concimtration 116-C-2A 116-F-4 116-B-3 11640-2A 95% UTT, (c)

11torium-232 < 1 1 .4' U NA NR

iinmtum- 38 <1 1.0 U <1 NR

Phdooium-239/240 <1 1311 NR 10 NR

Americium-241 <1 12 <1 <1 NR

a = Inorganic values were screened against Hanford Site background 95% UTL (fable 2-2), Region X
excluded elements.
b — Only radionuclides > 1 pCi/g were reported.
c — 95% confidence limit of the 95th percentile of tbe data distribution.
d = Value reported is limit of detection.

- E = Estimated value.
J = Value is estimated, concentra

ti
on less than contract required detection limit.

(J) = Estimated value, qualified by validators for administrative reasons due to incomplete paperwork
transfer, tevalidatiasn of data underway.
R = Value marked as rejected in validation report.

- -- - - -- ---- -(Rj � $ejeete b -vaiidaPazrs^vridmuaia'^rative 	 s due to meomalete paperwork transfer, used per
-	 Westinghouse Hanford Company instructions, revalidation of data underway.

NR = Not reported.
U - Not detected
BB = Concentration <95% UTL
NA = Not analyzed
Analogous site data taken from associate LFI reports, (DOE-RL 1993e) (DOE-RL 1993d), (DOE-RL

UTL = upper threshold limit
- --	 i.ct = Ummia nela investigation

3T-5b
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--	 ----	 - -	
• 

TV,. .. P..	 Y1
-- - - -	 ----18bie 3-6- 100=iC=2 Operaiile Unit Waste manes up and Down

Gradient Well Designations

High-Priority Sites
Site Na U	 radiant Well D	 radiant Well Other Possible Source Sites
ttr,r__?A an AreavMl -- ---89-1• , 139.2 „°^-C-1,1607439

1 16-C-2B 600 Area well [84-5]
116.93,118-C-2,116-C-2c,116-c-2A 118-CA,

116-C-1,1607-69,132-0.1,13243-3

11:2C 600 Area well 64 5
116.0-3,118-G2,116-C-28,116-G2A,118-,C-4

118-G1 1607-89132-C- 132 C3
SoNdMwte Burial Graund it

Ite Na	 U	 lent Well	 Down	 dient Well	 Other Possible Source Sites

1	 it 	 °0 1 ow_ Mtn Weri I	 1 00-0 r 

118-B-2 64 4

118 6.3 IBQ-31 1	 64-0
1	 11 &-84 I	 B44 B4-1 118-",BC-1 source sites

1184341 64.4 1341 118-B-4,BC-1 source sites
118-C-1 60D Area well B9-1,B9-2,B93 116-C-2A,1607469,116-C-6

118-C-2 600 Area well 1345
116-C-2C,116-C.3,11 6-C-2B,116-C 2A,118-C4,

118-C-1,1607-89,132-G7,132-C3

1184x4 600 Area well B4-5
1164:.20,116-C-3,116-C-26,116-C-2A 118-G2,

118-0-1,1607-89,132-C-1,132-C3
128 C 1 600 Area well

1324,1 600 Area well 18"1

116-C-2C,116-C-3,116-C-26,116-C-2A 118-C-2,
1184,1,1607-89,118-G4,132-C-3

132-C4 600 Area well [64-61
116-C-2C,116-C4,166-C-2B,116-C-2A,118-C-2,

118-C-1,1607$9,118-C-4,132-C-1

•: WON is within the mum area border
i 1: WWI if a wntlderahM disfanoe away from fours ana
{ 1: well is aosegradient from soww area

3T-6
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-- ------------ -- --- --- -----3abte-.}.T^Tro-jndwa-.er-'ionitusws iverii's iMBD79 1 flud 197-B9-2
COPC Concentrations: From 100-BC-5 LFI (DOE-RL 1993c)

:"W: ?^unber 1	 1 1994W2
' Round Number f 2 3 1 2 3
Sampla Number (a) B072S4 B07K9t B072P2 807259 807K96 B072P7

Ble(24M14heXVIW relate (ug/L) U U U 52 U U
Carbon-14 (PCl/U U U U U U U
Sbomium-90 (PCi/L) U 1.7 J 12 J 0.16 U U
ch lTe	 w-w (PCi/L) 46 40 R 47 52 52 63

Tritium (Pci/L) 1900 1900 2000 2100 2200 2300

(a): Sample number reported for the majority of the analysis
J: EWrrtaled Value

L1: U1ldebR&

R: Rajecas Value

OOPC: Chemialof pow. concern

LFt Limibd Fide investigation

3T-7
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Table 3-8 Summary of Radionuclide Analytical Results for the Dorian and
Richards (1978) Testhole: 116-C-211 Pluto Crib Pump Station (Decayed to July 1993)

Test Hole A
Sample 30 ft

I RaAmudide (oG/o)

I	 Tritium 18
Cobalt-60 0.056

Suontium-90 1.4
Cesium-134 <0.001
Cesium-137 0.16

Europium-152 1.9
'europium-155 0.047

Plutonium-239/240 0.42 rid

nd: la" activity not decayed,
isotope haff4de large enough no
aignifieant change in activity

3T-8
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Test Hole
Sample

Radionuclide (pCi/g)

A
25 ft 30 ft

B C
22.5 ft

'

D Grab [a]
1	 2	 3	 4

Tritium 93 NA NR IVA NR 83 NA NA 20
Cobalt-80 51 4.3 NR 19 NR 74.0000 12000 8600 10000

Strontium-•90 9„2 14 NR ;7.9 NR 19000 NA NA NA
Cesium-134 0 .023 0.036 NR 0.0013 NR NA NA NA NA
Cesium-137 190 59 NR 110 NR 94000 3300 3800 1400

Europium-152 22 290 NR 110 NR NA NA 830 NA
Europium-154 0.85 11 NR 9.5 NR NA NA NA NA
Europium-155 ” 81 NR 11.1 NR NA NA NA NA
Plutonium-238 0.67 NR NA NR 1390 NA NA NA

Plutonium-239/240 7.9 nd 0.97 nd NR 1.1 nd NR 1500 nd NA NA NA
Total Uranium 10.13ndl NA NR I	 NIA I	 NR I	 NA I	 NA I	 NA I	 NA

•: Below detection limit

NA: Not analyzed for

nd: Isotope activity not decayed, isotope half-life large enough no significant change In acitivity has occurred

Is]: Locations of the grab samples are as follows;

1) Crud from inlet distribution tray, approximately 3 ft below surface

2) Crud from outlet distribution tray, approximately 19 it below surface

3) Inlet filter bed, approximately 3 ft below surface

4) Outlet filter bed, approximately 3 ft below surface

NR: Not reported
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Frequent. Use Scenario	

1
Occasional-1lfse Scenario

Radionuclide Ingestion	 Inhalation	 External	 Totall ICR (c) Ingestion	 Inhalation	 External	 Total IUCR (c)
COPC (a) ICR (b)	 ICR	 Exposure ICR	 ICR	 Exposure

ICR ICR

Cesium- 137 S.1E-03 2.9E-05 1.2E+01 > IE!' 02 (f) 9 .7E-05 5 .5E-07 7 .5E-02 > IE*z (f)

Cobalt450 1.4E-02 1.2E-03 1.5E+02 > IEI -02 (t) 2.8E-04 2.3E-05 9.7E-0 1 > 1E112 (f)

Europium- 152 2.3E-06 1 .0E-06 7 .2E-02 > IE-02 (f) 4.4E-08 1 . 9E-08 4 .6E-04 SE-04

Plutoniom-238 4.0E-04 6.0E-04 9.4E-07 IE-Wi 7.7E-06 1.1E-05 6.0E-09 2E-05_

Plutonium- 4.5E-04 6.3E-04 9.7E-07 IE-03 8.7E-06 1.2E-05 6.215;-09 215-05
239/240 (e)

-90 9.0E-04 1.3E-05 - -- 9&04 1.7E-05 2.5E-07 -- 215-05E

s (d) > 115-02 (^ 315-03 > lE 02 (Q > lE -02 (f) 415-04 SE-05 > IE'.-02 (f) > 1E^12 (f)

(a) COPC = contaminant of potential concern: presents a significant huomn health effect
(b) ICR = incremental cancer risk
(c) Total COPC lifetime ICR from all pathways.
(d) Total ICR from all COPC over all pathways.
(a) Risk characterization is based on combined isotope radioactivity.
(f) All Wit > IE-02 represent -high' e stimated human health risk.
--- No toxicity data available for this pathway.



Frequent-Use Scenario Occasional-Use Scenario

Radionuclide
COPC (a)

Ingestion
ICR (b)

Nnhalation
IICR

External
Exposure ICR

Total ICR (c) Ingestion ICR Inhalation
ICR

External
Exposure
ICR

Total ICR (c)

Cobalt-60 5.4E-04 1.5E-05 5.7E+00 > 1E 02 (t) 1E-05 8 . 6E-07 3 .6E-02 > lE-02 (f)

Strontium -90 4.9E-04.1E-06 ---- 5E-04 9 . 5E:-06 1.4E-07 ----- IOE-06

Cesium-137 2.9E-03 IAE-05 6.6E+00 <IE-02(f) S.SE:-05 3.IEE-07 4.2E-02 >E-02(f)

Europium- 152 6.4E-07 y.8E-07 2 .0E-02 > IE-02 (f) 1.2E :-08 5.4E -09 1.3E-04 IE-04

Plutonium -238 3 .3E-04 4.9E-04 7 .7E-07 5E-04 6.4E:-06 9.4E-06 4.9E-09 2E-05

Plutonium
239/240

4.5E-04 6 .3E-04 9 .7E-07 IE-03 8.7E:-06 1 .2E-05 6.2E-09 2E-05

Site Total 5E-03 pE-03 > IE-02 (f) > ICE® 9E-05 2E-05 > lE-02 (t) > 1E-02 (f)

w

(a) COPC = contaminant of potential concern: presents a significant human health effect
(b) ICR = incremental cancer risk
(c) Total COPC lifetime ICR on hazard index (HI) from all pathways.
(d) Total lifetime ICR or HI front all COPC over all pathways
(a) Risk characterization is based on most toxic COPC
(f) All ICR > 1E-02 represent "high" estimated human health risk.
--- No toxicity data available for this pathway
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Table 3-12 Estimated Dose Rate for the Great Basin Pocket Mouse:
116-C-2C Pluto Crib Sand Filter

Isotope Activity/g
Soil

(pCi/g)

Activity/kg
Vegetation

(wet) (Ci/kg)

Dose Rate
(rad/day)

Exceeds
EHQ

Tritium 83 1.83E-10 1.5E-05 No

Cobalt-60 740,000 1.18E-04 1.7E+00 Yes

Strontium-90 19,000 1.16E-04 1.3E+02 Yes

Cesium-137 94,000 1.86E-05 7.9E-01 No

Europium-152 830 2.66E-10 1.4E-07 No
_ :__ M-238u'unuu 	 - i,390 3.14E-0$ 9.is-C4 _ No

Plutonium-239/240 1,490 3.36E-08 9.2E-04 No

Total	 132 Yes

Mute: iliswwncal data decayed to July 1993.
EHQ: environmental hazard quotient

3T-12
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Table 3-13 Summary of Environmental Hazard Quotients for Radionuclides
by Waste Site

Waste Site Dose Rate Exceeds Dose Rate Exceeds
I rad/day (EHQ of 1) 1 tad/day (EHQ of 1)

0-6 feet 6-15 feet

116-C-2C Pluto Crib Sand Filter Yes NA

118-B-1 Burial Ground NA No

NA = No data available
EHQ = environmental Lazard quotient

3T-13
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Table 3-14 Summary of In Situ Geiger-Mueller and LTP Readings from the
Dorian and Richards (1978) Testholes: 118-B-1 Burial Ground (Page 1 of 2)

Test Hole A
T_ rench

GM
1,2 or 4

all ft Backround

Test Hole B
Trench	 1,2or4

-- 6M

I

15

-O-oft
9 -10 ft

12 ft
_13 -14 ft

 20 ft ft

SwAgrrot—aid

2000 cpm
I	 5000 cpm

4000 cam

I	 Ba	 round	 I

Test Hole C
Trench	 1,2 or 4

GM all ft Background

Test Hole D
Trench	 1,2 or4

GM 0 - 5 ft
5 ft

rest ft

Background
2000 cpM

Bad- round

Test Hole E
Trench	 1,2 ON

GM aA ft Back round

Test Hde
Trench

F
1,2 or4

GM all ft Background

Test Hole G
Trench	 7

GM

-	 - ---

0 -10 ft
10 -12 ft
12 -15 ft
15 - 22 ft

Background
7500 cpm

i	 50000 cpm
Back round

Test Hole H
Trench	 13

GM 0 -12 ft
12-- 14 ft

17 ft

Background
--- 2M  - AOflOO rnm

off scale
UP

I
17 -19 ft
19 - 20 ft
20 - 22ft
22 - 25 ft

170 mR/hr
300 mR/hr
120 mR/hr

Balk round

3T-14a
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Table 3-14 Summary of In Situ Geiger-Mueller and LTP Readings from the
Dorian and Richards (1978) Testholes: 118-B-1 Burial Ground (Page 2 of 2)

Test Hole 1
Trench	 13

GM 20 ft 600 cpm

Test Hole J
MMOME

Trench	 13
GM 0 -/0 ft Background

latr 1000 cpm
15 ft 3000 cpm
l6 ft 5000 cpm
18 ft 4000 cpm
20 ft 1000 cpm
25 ft Background

Test Hole K
Trench P-2

IGM No radioact' ' 	 detected

Test 
Hole

L
Trench ?129

GM all ft Bads round

Test Hole M
Trench	 northern

12 ft 1000 cpm
14 ft Full scale
15 ft 60 mFl/hr
20 ft 20 mR

Test Hole N
Trench	 northern

GM loft 3000 cpm
13 ft 14000 cprn
15 ft 20u0 cpm
18 ft

I
600 cpm

I 19 ft Background

GM: Geigw - Muger probe
LTP: Low-range totem pc" probe

epm: cow o per minute
mrt mKINed

3T-14h



Test Hole
Trench
Sample

Radionuclide ( CI/g)

A
1„2 or 4

:20 ft

8
1,2 or 4

C
1,2 or 4

D
1,2 or 4

F
1,2 or 4

G
7

1 5 ft	 22 IH	 22.5 Ift
Cobalt-60 0:).007 NR NR NR FNR )NR 3.5 17000 10

Nickle-63 NA NR NR NR NR NA 28 NA

Strontium-90 0.017 NR NR NR 'NR 0.07 0.4 0.38

Cesium-134 NA NR NR NR NR NA NA NA

Cesium-137 0.028 NR NR NR NR ^ R 0.36 1800 0.94

Europium-152 NA NR NR NR NR 'NR 0.19 1900 8.4

Eiuroplum-154 NA NR NR NR NR 0.17 690 0.24

Europium-155 0.036 NR NR NR NR N.0058 -54

Pltnionlum-239/240 'NA NR NR NR NR INNAjF1 NA NA

rota) uranium I NA NR NR NR NR NNA NA NA
Non radlonuclid0 _.

Teat Hole
Trench
Sample

Radionuclide (pCl/g)

H
13 1

20 ft	 33 ft lal

I
13

J
13

25 ft	 30.5 ft

K
P-2

L
7127

M
northern

; O R	 25 ft	 32 ft
_I

N
northern

20 ft

Cobalt-80 11 1350 NR 9.4 38 NR NR_ 540 39
Nickle-63 NA NA NR NA NA NR NR NA 69 NA

Strontium-90 0.4 NA NR 0.06 0.015 NR NR 0.13 92 4.1
Cesium-134 0.039 NR 0.0009 NR NR 0.19
Cesium-137 0.87 181 NR 0.87 NR NR 44 33 3.6

Europium-152 0.79 1,300 NR 0.95 0.33 NR NR 34 12 2.2
Europium-154 0.69 98 NR 0.16 0.46 NR NR .120 640 2
Europium-155 0.14 1.6 NR 0.016 0.05 NR NR '4.3 0.67 0.27

Plutonium-239/240 NA IN  NR 0.42 nd NR NR 0.28 nd 0.59 nd 1 nd
Total uranium NA IVA NR NA NA NR NR NA 0.16 nd NA

Non radionuclide 011 & grease

afall

Gi• Ut

t+ o

Ot~O

a ^

@̂  O
W ~

O Pg

eayl
O

W

tvO

C

O

Ut

•: Below detection limit

NA: Not analyzed for

nd: Isotope activity not decayed, iatape half-life large enough no significant change In activity ha ll occurred

Is]: Sample h1-33 was a perforated aluminum fuel element spacer Idummy) found 20 ft. east of trench e7;

it was not a sample taken from 33 ft below grade at this location.

NR: Not reported
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Table 3-16 Groundwater Monitoring Well 199-118-6 COPC Concentrations:
From 100-BC-5 LFT (DOE-RL 19936)

VftN Number 199 Be 6

Round Number 1 2 3
N► trrrog, &I aOWU

08(2+thohsxyl) phthalate (ug/L) U U U

r-erMn44 (p(5 /l l_ 410 J U I l

Strontium-90 (pCi/U U U U
Tedfnstium-981pCi/U 3s 33 3s

Tdtiun (pG/L) 6300 2400 2200

(a): Sample number reported for tte majority of the analysis

NA Not Available

LR: U vied Geld hevestigation

COPQ Chemical of ptrentW cor=m

3T-16
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Frequent-Use Scenario Occashinal a Scenario

Radionuclide
COPC (a)

lai6=a
ICR (b)

Inhalation
ICR

External
Exposure
ICR

Total ICR (c) Inhalation
ICR

External
Exposure
ICR

Total ICR
(c)

Cobalt-60 6.9E-09 S.8E-09 7.3E-04 7E-04 L1E-10 4.6E-06 SE-06

Cesium-137 1.313-09 7.6E-11 1.7E-05 2E-05

E2E-09

1.51):-12 1.1E-07 1E-07

Europium-152 5311-10 2.3E-10 1.7E-05 213-05 4.4E-12 1.1E -07' IE-07

Europium-154 6.7E-10 2.6E-10 1.7E-05 213-05 5.013-12 1.1E -07' IE-07

Site Totals (d) SE•OB 613-09 BE-04 BE-04 IE-10
a

513.06 513-06

(a)COPC = contaminant of potential concern: presents a significant human health effect
(b) ICR = incremental cancer risk
(e) Total COPC lifetime ICR or hazard index (HI) from all pathways.
(d) Total lifetime ICR or HI from all COPC over all pathways



no00

H

r
A

w

x

Er

x

go C)
lT?

,C p!

^f

p L+ <

C O G

V.

d
0
►C

N
O
00

F_requiitnt-Use Scenario Occasional-Use Scenario

Radionuclide
COPC (a)

Ingestion
ICR (b)

Iobegation
ICR

External
Exposure
ICR

Total ICR (c) Ingestion
ICR

Inhalation
ICR

External
Exposure
ICR

Total ICR
(c)

Cobalt-60 2.6E-09 2.213,10 2.7E-05 311-05 5.0E-11 4.1E-12 1.7E-07 211-07

Cesium-137 7.5E-09 4.3E711 9.8E-06 IOE-06 1.4E-10 8.2E-13 6.3E-08 611-08

Europium-152 1.5E-10 b.51141 4.6E-06 5 11-06 2.8E-12 1.2E-12 2.9E-08 3E-08

Europium-154 9.3E-11 3.6E-11 2.3E-06 2E-06 1.8E-12 7.0E-13 1.5E-08 211-08

Site Totals (d) IE-09 4E-10 411-05 4E-0S 2.E-10 711-12 311-07 311-07

(a) COPC = contaminant of potential concern: presents a significant human health effect
(b) ICR = incremental cancer risk
(c) Total COPC lifetime ICR or hazard index (HI) from all pathways.
(d) Total lifetime ICR or HI from all COPC over all pathways
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FYesiuent-Use Scenario	 Occasional-Use Scenario
Waste Site
Resignation Qualitative Moor Major 2015	 Qualitative Major Moor 2018

Risk Contaminant Pathway Qualitative	 Risk Contaminant Pathway Qua
li

tative
classification Risk	 Classification Risk
(a) Classification	 (a) Classification

(a) (a)

1 16-C-2A Pluto Crib

—

All COPC soil samples were belo w 15 foot depth, therefore no human health risk assessment is provided.

116-C-2B Pluto Crib All COPC soil samples were below 15 foot depth, therefore no human he alth 'risk assessment is provided.
Pump Station

1,16-C-2C Pluto Crib High Cobalt-60 External high High Cobalt-60 External High
Sand Filter Cesium-13,7 Radiation Cesium-137 Radiation

— Buropium452' Europium-152

118-B-1 Burial Medium Cobalt-60 External low LOW Cobal t-60 External Very Low
Ground Radiation Radiation

118-C-1 Burial This site is analogous to the 118••B-1 Burial Ground
Ground

—	 t--
Only process knowledge is available for the following: siG „therefore no human health risk analysis is provided.

118-B-2, 118-B-3,	 118-C-2 Ball Storage Tank 	 132-C-1 Reactor Exhaust Stack Burial Site

118-B-4, 118-B-6,	 118-C-4 Horizontal Control Rod !Storage Cave	 132-C-3 Exhaust Air Filter Building; Burial Site
Burial Grounds	 128-C-1 Burning Pit

(a)	 Very Low = very low qualitative risk; incremental cancer risk (ICR) < IOE-06
Low = low qual itative risk; IOE-06 < ICR <10H-04
Medium = medium qualitative risk; 10E-04 < ICR < lOE-02
High = high qualitative risk; ICR > ICIE-02
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Dose Rate for the Great Basin Pocket Mouse:
118-B-1 Burial Ground

II	
Isotope Activity/g Activity/kg Dose Rate Exceeds

Soil Vegetation (rad/day) EHQ
(pCilg) (wet)

(Ci/kg)

Cobalt-60 3 .5 6.63E-10 8.0E-06 No 

V4VllLLWll JV 0 .07 4.01E-10 4.5E-04 No

-137 0.36 7.14E-11 3.1E-06 No

Eunompum-152 0=14--
6.08E-1 4 3, 1F.-11 No

Europium- 154 0.17 5.44E- 14 7.2E-11 No

Europium-155 0.0058 1.92E-15 4.8E-13 No

otal	 4.6E-04 No

___ ---__- ___ -	 Nvw: au^w iwi ^u'eti.^a ul.wyw w iiiy 1993.

EHQ: environmental hazard quotient

3T-20
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Well Number IMB48 109-8&3

Round Number 1 2 3 3- Du	 #1 3:S	 Iit	 ^1 1 2 3

Sample Number (a) B070M7 B07K78 807ZL7 8072V2 B072V4g2 B072T4 807KB1 1307202

B1s12-sth Mx	 phthalate (u	 L) 8J U U U NA U U U

Carbon-14 (PG/L) U U U U NA U U U

Strontium-g0 (pCi/L) 1.3 1.3 J 1.2 J U NA 0 U U

Technetium-99 (pCi L) 70 75 07 65 NA ^_ 55 60 60

Tritium (pCi/L) 3000 3300 3600 T—r3500 NA 2100 2700 2600

(a) : Sample number reported for the majo
ri

ty of the analysis

NA: Not Available

J: Estimated Value

U: Undetected

LIFE Limited field Investigation

COPC: Chemical of poten tial concern



H

O ^'

^ G1

K, e
aM ^

Q 0
Y a{^o

A^
to

tM

►h 
or

►i ~

tay
^

oa

O

N

O

NH
N

Wall Number 19&I1S41 189.844_
Round Number 1 2 3 1 2 2:Ou #1 2:S lit #1 3 3:Du #2 3:S Iit #2_
Sample Number (a) BO'70K7 807K71 B07Z r B070L2 B07KM3 8o7KJ1 807KL1 B072K2 9072V7 B072W7

Bia(2+th Ihexyl)phthalate(ug/LL 'It BJ U U U U U U U O:9J

Carbon-14 (pCl/L) U U U U 96 U NA U U NIA_

Strontlum' go (pCi/L)	 _ 22 23J 23 26 33J 34 J NA 33 33 NIA

Technstlu n-99	 CI L) 68 59 70 65 65 63 NA 70 70 NIA_

Tritium (pq/L) 2700 2700
LIM

1	 3000 1	 2600 2600 NA 2600 2600 NIA

(a): Sample number repo rted for the majority of the analysis

NA: Not Available

J: Estimated Value

U: Undeitected

LFI: Umluad field Investigation

COFC: Chemical of potential concern
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Well Number 199.89.2	 __--_ 19&8&3

Round Number  2 3 1 2 t 1	
r	

2 3

Sample Number (a)  B07K91 B07ZP2 B072S9 B07K96 iB07ZP7 8072T4	 B07K81 IB07ZO2

Bis(2-ethythexyl) phthalate (u 	 L)

FBO72S4
U U 52 U U U 	 U U

Carbon-14 (pCi L)  U U U U U U 	 U U

Strontium-90 pCi/L 1.7 J 1.2 J 0.18 U U 0	 U U

Technetlum-99 (pCi L) 48 40 R 47 52 52_ 53

_

65	 60 60

Tritium LOCl/I.) 1900 1900 2000 2100 2200 2300
_

2100	 ^^ 2700 2600

(a): Sample number reported for the majority of the analysis

J: Estimated Value

U: Undetected

LFI: Umited field Investigation

COPC: Chemical of potential concern
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4.0 QUALITATIVE RISK ASSESSMENT SUMMARY AND CONCLUSIONS

4.1 HUMAN HEALTH EVALUATION

The 100-BC-2 Operable Unit human health QRA provides estimates of risks that
occur under frequent-use or occasional-use scenarios based on the best available knowledge
of current waste site conditions. Because neither of these exposure scenarios currently occur,
the results of this QRA provide upper and lower limits of potential future health risks.

--- ---- -4.1:1--Results of thee-flumar. Health Evalitauon

Table 3-19 summarizes the results of the 100-BC-2 Operable Unit waste sites for
--- which -a-hunian-health risk-was-established. The exteernal radiation  exposure pathway is

shown to be the primary risk-contributing pathway at the evaluated waste sites.
- Consequently, radionuclide OOPC which are external radiation exposure hazards; cobalt-60,

cesium-137, and europium-152; are considered the prima ry risk-contributing COPC.

	

- -	 4.1:1.1 116- 2C	 o£rib Sand l l^ VJL. lue ii`o-^ 2C pluto crib Sand filter has a
"high" human health risk for the frequent- and occasional-use scenarios. External radiation
exposure is the major pathway contributing to ICR for this site. The major risk driving
radionuclides are cobalt-60, cesium-137, and europium-152.

The human health risks from delaying the onset of human frequent-use and
-	 oc sional-use scenario exposures to the year 2018 are shown in Table 3-11. No reduction

of human health risk is anticipated at the 116-C-2C pluto crib sand filter under the
frequent-use-or -cocasional-me scenario.

4.13 .2- 118-B-1 Burial Ground. The 118-B-1 burial ground waste site has a "medium"
human health risk potential for the frequent-use scenario and "low" human health risk
potential for the occasional-use scenario. Historical information was used to estimate the
qualitative risk liir ẁ̀is Site. Historical data are considered to have medium uncertainty
which can be reduced if additional site-specific data become available for this waste site.

The potential deer, uses in human health risks from delaying the onset of human

	

-	 frequent-use scenario exposures to the year 2018 are shown in Table 3-18. A reduction of
one qualitative risk category ("medium" to "low") is anticipated at the 118-B-1 burial ground
under the frequent-use scenario. This risk reduction can be primarily attributed to the
radioactive decay of cobalt-60 and cesium-137.

4.1.1.3 Other Burial Gromds. With the exception of the 118-B-1 burial ground, no
historical or LFI chemical data are available for the solid waste burial grounds. Process
knowledge information is available and is considered to have a high uncertainty in evaluating
possible human health risk of exposure. Therefore risk under frequent and occasional

--	 land-use tscenatios -is-highly uncertain_ Although the 
ris

k ;J unknown, we could expect that it

	

--	 may be appreciable. under a frequent-use scenario in which excavation may take place it

4-1
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would be expected that the risk would be high from external exposure. At the present time
no data is available to quantify this risk.

4.1.2 Summary of Key Uncertainties in the Human Health Evaluation

The human health risks presented in this QRA are conditional estimates that reflect
multiple assumptions and related uncertainties. A summary of the uncertainty of identified
contaminants and exposure assessment for the 100-BC-2 Operable Unit waste sites is
presented in Table 4-1.

Exposure estimates to hypothetical human receptors include an extrapolation of
external radiation exposures and air COPC particulate concentrations from soil COPC

-concentrations. -Thy uncertainty associated with-the external radiation exposure cauapoiaiion
is expected to greatly impact this QRA because this exposure pathway was found to be the
primary risk contributor at the 100-BC-2 Operable Unit waste sites. Media specific data
(e.g., external radiation dosimeters) would significantly reduce this source of uncertainty in
the 100-BC-2 Operable Unit QRA.

An assumption of an "infinite source" geometry, such that homogenous distributions
at the maximum soil concentration of each radionuclide COPC is used to evaluate individual
external radiation exposure risks. Uncertainty is introduced into the QRA because this

- -- - ---ass;unptton-ignores-the differ-ends-in radiation-intensity provided- for any other d:sM\bu*HYn of

radionuclide COPC in soil, and results in an over estimation of the external radiation
exposure risks. Because the external radiation exposure pathway was found to be the
primary risk-contributing pathway at all evaluated waste sites, this source of uncertainty
significantly impacts the 100-BC-2 Operable Unit QRA.

The use of maximum soil concentrations of all COPC from the surface to a depth of
4.6 in ft) as the exposure point concentration ignores the spatial distributions of surface
and subsurface COPC concentrations which exist at all waste sites. Because the ma=imam

-_roncentrations are assumed to be ubiquitous and readily assessable to potential human
receptors, this source of uncertainty may result in over estimation of the exposure intakes
and corresponding health risks from all COPC detected at each waste site.

4.2 ECOLOGICAL EVALUATION

A qualitative ecological evaluation is completed for radiological constituents for the
100-BC-2 Operable Unit. The findings are:

-	 Soils <_ 1.8 in 	 ft) in depth inside the 116-C-2C pluto crib sand filter
exceed the 1 rad/day benchmark with an EHQ > 1.

- -	 --	 -- •	 Soils-from lam-.6 m{6-15_#t) inside the 110-B-1 burial ¢round do not exceed
the 1 rad/day benchmark.	 -

4-2
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Although a significant EHQ has been estimated for radionuclides within 1.8 m (6 ft)
of the soil surface at the 116-C-2C pluto crib sand filter, the sand filter is in an enclosed
concrete box that is covered with concrete shielding slabs. There are, therefore, few

- radionuclide,---- 	 available for upt: ke by plants which can be biologically transported to the
__- -

	

	 pocket mouse. This result indicates that there is less of a hazard for biotransport of
contaminants to the pocket mouse. Both strontium-90 and cobalt-60 exceed the EHQ of
1 rad/day. However, strontium-90 is the primary contributor to the total dose rate.

4.2.1 Summary of Key Uncertainties in the Ecological Evaluation

The uncertainty in contaminant concentrations for the ecological evaluation is related
to the accuracy of th-e_data. -Uncertainty exists_ a both the con taminants identified and the

-------_— _-- -exposure- concentrations. _ A,S_for the-human health- assessment, the maximum contaminant
concentration is used. Uncertainty associated with site-specific information is discussed in
Chapter 3.0 for the individual sites analyzed.

The QRA models the potential exposure of pocket mice suspected to be present in or
near the waste site. The issues of concern with regard to ecological risk assessment
(particularly qualitative) are the uncertainties in using an assortment of environmental
variables in risk modeling. If this number is not realistic, no amount of modeling will
overcome this deficiency. For example, in the case of the QRA, the maximum reported

— waste- concentration is generally used as the source term no matter how deep this
concentration was found. Site-specific organisms (e.g., pocket mouse), are identified as
being associated with a site, but little if any data may exist concerning transfer of
contaminants to site-specific organisms. Often, it is necessary to use biological trophic
transfer information for related species. A significant source of uncertainty in the exposure
scenario are the assumptions of uniform waste sites and total contamination of mouse
foodstuffs. No provision is made for dilution of contaminated foodstuff by noncoutaminated
foodstuff. It is necessary to use some transfer coefficients from non-Hanford specific plants
for modeling the uptake of contaminants from soil-to-plants. The approach does not consider
whether roots of a plant actually grow deep enough to contact a contaminant, and the model
does not account for reduced concentrations from plant to seed (it was assumed the seed
concentration is the same as the plant). The pocket mouse-food consumption rate is
generalized and seasonal behavior (hibernation) that can reduce internal exposure and body
burden is not considered.

4-3
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Table 41 Smmnary of Contaminant Identification and Exposm
Assessment Uncertainties for the 100-BC-2 Operable Unit Sites

Waste Site Data Exposure Assessment Toxicity Potential Impact
Designation Uncertainty Uncertainty Assessment of Uncertainties

(for external Uncertainty on the Risk
fie) Occasional-use Frequent-use Characterization

Scenario Scenario

116-C-2C Pluto Moderate Low High Moderate to Over Estimation
Crib Sand Filter High

118-B-1 Burial Moderate High High Moderate to Over Estimation
Ground High

I

118-C-1-Burins
Ground Analogous to 118-B-1 Burial Ground

41-1
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- -	 5.0 RECONMENDATIONS

The primary purpose of this LFI report is to recommend those high-priori ty sites that
should remain candidates on the IRM path and those high-priori ty sites which should not.
Sites that are not recommended as candidates on the IRM path will be addressed in the final
remedy selection process. The recommendations presented below are generally independent
of future land use issues.

5.1 HIGH-PRIORITY SITE IRM CANDIDATE EVALUATION CRITERIA

The 100-BC-2 Operable Unit high-priority sites were evaluated to identify those sites
where continued IRM candidacy is recommended using the fo llowing criteria:

results from the QRA

____ -___ - -___ —__-_ _• 	 — assw$me.. of the °",ante suit, wi.c..Yuiai model

identification of any ARAR exceedance for vadose zone contaminants

evaluation of site-specific contaminant impact on groundwater

•	 identification of sites where natural attenuation of contaminants by the year
- --- 200188  'y 

rewl.^rre riclr^c .̂nd mitigate Contamination.

5.1.1 Qualitative Risk Assessment

The QRA provides risk estimates for human health and for adverse ecological effects.
Human health risks, specifica

ll
y ICR, for one high-priority site, 116-C-2C pluto crib sand

.,leer, were developed by the QRA using two scenarios: low frequency use and high
frequency use. The low frequency use risk values are used to evaluate the continued
candidacy of high-priority sites for IRM. The qualitative risk estimations presented in
Table 3-19 are grouped into "high" (ICR > 1E-02), "medium" (ICR > 1E-4-to 1E-02) ,

law _=Cit.x_> I " 0a w_ in^i,_au I "very low" 1TCR <!E-p6) risk categories based on
results presented in Section 2.0 of this report, _Sites that pose "medium" to "high" risks to

______ __human health under the low frequency use scenario are recommended to continue as IRM
candidates.

Environmental hazard quotient ratings are from the qualitative ecological risk
--- --- - -- -- esessmeut_that tae.-perf-̂_gmdi^.-the-Q -

AA - S(,i-
t _ r1,.,r i.....e ..., qv ` `̀nr Aionueliries n-. -- - 

_	
R_S=-.JS_	 ••^'. 3 V:.-611-L	 -

>1-1... ra...v... 1—id or

nonradiological £on$tnments resent p-+-"-v adverse ecological impacts and are
_recommended_ to_contimie -asARM candidates_
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5.1.2 Conceptual Model

The conceptual model for a waste site includes sources of contamination, types of
contaminants, nature and extent of contamination in each affected media, known and
potential routes of migration, known or potential human and environmental receptors and the

__general understanding of the site structure/process. This information is included in
Chapter 3.0 of the 100-BC-2 Operable Unit Work Plan (DOE-RL 1993a) and has been
revised using data obtained during the LFI. Table 5-1 presents sources of contamination,
types of contaminants, nature and extent of contamination in each affected media, and the
general understanding of the structure/process for each high-priority waste site. Figure 5-1
presents the known and potential routes of migration and the known or potential human and
environmental receptors for the operable unit. If the conceptual model of a site is
incomplete, the site is recommended to remain as an IRM candidate while the data needed to
complete the model are collected. After the data are available the site will be reevaluated for
continued candidacy for an IRM. The additional data may be obtained through limited field
sampling.

5.1.3 Applicable or Relevant and Appropriate Requirements

The Washington State MTCA Method B concentrations are potential ARAR for soil
contamination, as discussed in Section 2.7 of this report and in the 100 Area Feasibility
Study, Phases 1 and 2 (DOE-RL 1992c). Model Toxics Control Act Method B regulatory
limits for soil contaminant concentrations are utilized since they are the standard approach

-_	 and are conservative._ Table 52Jists theRanford_Site-background _95%-i T . values for
metallic constituents in soils andivt i CA Method B guidelines for soil. Sites that have
concentrations of contaminants which exceed this potential chemical-specific ARAR are
recommended to continue as IRM candidates.

5.1.4 Current lmpact on Groundwater

The probability of current impact on groundwater is evaluated for each site by
comparing groundwater contaminant concentrations from monitoring wells located upgradient
and downgradient of each specific site, where wells are available. Concentrations of tritium,
strontium-90, and technetium-99 in upgradient and downgradient wells are compared.
Groundwater contaminant concentrations in a downgradient well that are higher than in an

— upgradient-well indicate current im f̂,a: t to groundwater. Sites that are impacting groundwater
are recommended to continue as IRM candidates.

5.1.5 Potential for Natural Attenuation

The potential for the contaminants at a site to be reduced by natural attenuation,
radioactive decay by the year 2018, may be a consideration at sites where radionuclides with
half lives <30 years are the primary contaminant and external exposure is the only pathway.
Sites with excess risk solely -attributed to radionuclides with half lives <30 years, cobalt-60,
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cesium-137, europium-152, and europium-154, have potential for natural reduction of risk
through radioactive decay. Natural attenuation is not a consideration for sites contaminated
by metals, by radionuclides with half-lives > 30 years, or where multiple exposure pathways
drive the risk.

5.2 HIGH-PRIORITY SITE IRM CANDIDATE RECOMMENDATIONS

The final selection of IRM sites, priority of action, and order of performance are
decisions left to the Tri-Parry Agreement signatories. Factors that the Tri-Party Agreement
signatories may consider in the selection and prioritization of IRM sites include:

impact of IRM actions in relation to the 100 Area Environmental Impact
Statement

access control

relation to- the IRM program -Fi recommendations

•	 land use

•	 point of compliance

•	 time of compliance

•	 feasibility

•	 bias-for-action

•	 threat to human health and the environment.

The high-priority sites and solid waste burial grounds recommended to continue as
IRM-candidates are iden tified-in-thy "MUM ACandidate" column of the Table 5-3. The
recommendations are discussed below.

5.2.1 116-C-2A Pluto Crib

The 116-C-2A pluto crib is recommended to continue as a candidate for an IRM
because groundwater monitoring data indicate the site may be impacting groundwater.
Concentrations of tritium, strontium-90, and technetium-99 in wells 199-B9-1 (directly
beneath the site) and 199-B9-2 (downgradient) are similar (Table 3-7). The actual impact to
groundwater could not be assessed because there are no nearby upgradient wells. Only

-- - -strontiu m-90-was detected in the-LFI borehole.- The maximum concentration from the LFI
borehole sediments was an estimated value of 92 pCi/g. No human health or environmental
risk was calculated at this site because the depth of contamination is greater than the 4.6 m
(15 ft) risk analysis cutoff depth.
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5.2.2 116-C-2B Pluto Crib Pomp Station

The 116-C-2B pluto crib pump station is recommended to continue as a candidate for
an IRM because of the potential for groundwater impact. The actual impact to groundwater
could not be assessed because there are no nearby upgradient or downgradient monitoring

-- wells. `. etl_.»-^-., is over ^00_ in (6'56 LL) away from the s ite and there are numerous
other sources which may be impacting the groundwater at this well (Table 3-6). No human
health or environmental risks were assessed as samples co llected by Dorian and Richards
(1978) was taken from a depth greater than the 4.6 in (15 R) risk analysis cutoff depth.
Historical data co

ll
ected by Dorian and Richards (1978) indicate radionuclide contamination

at the base of the pump station. The detections are consistent with those found in the LFI
borehole dri lled in the 116-C-2A pluto crib.

5.2.3 116-C-2C Pluto Crib Sand Filter

The 116-C-2C pluto crib sand filter is recommended to continue as a candidate for an
IRM because the human health risk is "high" and the EHQ > 1. The major risk drivers for
the human-health are radionuclide cobalt-60, cesium-137, and europium-152. The ecological
risk driver is strontium-90. Natural attenuation by year 2018 (radioactive decay) wi

ll
 not

reduce the risk posed by the principal contaminants and associated exposure pathway. The
potential for site impact to groundwater exists. The actual impact to groundwater could not

---be-assessed because-there--are-no nearby-upgradient ordown gradient-monitoring weuS. I'leii
199-B4-5 is over 200 m_(656 ft) away- from the -site _and-there are numerous other sources
which may be impacting the groundwater at this we ll (Table 3-6).

5.3 SOLID WASTE BURIAL GROUND RECOMIENDATIONS

It is recommended that the solid waste burial grounds remain on the IRM pathway as
designated in the 100-BC-2 Operable Unit work plan (DOE-RL 1993a). Review of available
data substantiates the original placement of the burial grounds on the IRM pathway.
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Table 5-2 HanfordSite,Bacligcound 95%-Upper- Thrgc^la T- ;mirk Modell
Toxics Control Act Method B Guidel ines for Inorganic Analytes

Analyte 95% UTLb (mg/kg) MTCA Method B` (mg/kg)

Alkalinity 23,300 N/L
Ammonia 28.2 NQ.
Antimony 15.74 32
Arsenic 8 .92 24 (0.59)`
Barium - — 5,6w

Beryllium 1.77 400(0.23)-
Cadmium 0.66° 40
Chloride 763 N/L
Chromium 27.9 4W
Cobalt 19.6 N/L

Copper 28.2 3,200
Fluoride 12 4,800
Lead 14.75 U
Lithium 37.1 N/L
Manganese 1	 612 400

Mercury 1.25 24
Molybdemrm 1.4° 400
Nickel 25.3 1,600

Nitrate 199 130,000
2S,l1UVW

Ortho-phosphate 16 N/L
Selenium 5° 400

I Silicon	 I 192 N/L

silver	 -_ 2.7 400
Sulfate 1,320 N/L

Thall = - 3.7° 5.6 - 7.2r
Titanium 3,570 N/L
Vanadium 111 560

Zinc 79 24,000

Zirconimm 57.3 N/Lt

Source: Hartford Site Background: Part 1, Soil Background for Nonradioactive Analytes,
DOE/RL-92-24, Rev. 1, Draft, U.S. Department of Energy, Richland, Washington.

NL = Not listed m Model To xics Control Act (MICA) Human Health Risk Based Method B
Formula Valves table for mil

U = Unavailable
Analytes essentially non-tonic m soil are not listed (Hanford Site 1drk Assessment Methodology,
DOE/RLr91 -45, Rev. 3, U.S. Department of Energy, Richland, Washington) . These include

b	 95% confidence limit of the 95th percentile of the data dis tribution
Noncarcinogen risk-based concentration, no carcinogen risk except as shown in parenthesis

d	 limit _nf detrrfi n_n

Carcinogen risk-based concentration m parenthesis
S	 Hexavalent chromium
B	 Range of risk-based concentrations for thallium compounds
UTL = upper threshold limit
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-- Table-53-_MMReCommen]atiom for the 160-BC-2 High-priority  Sites

Waste Site Qualitative Risk Conceptual Exceeds Probable Potential LAM
Assessment Model ARAR Current for Natural Candidate

bnpact to
Groundwater

Attenuation
by 2018

yes/no
Low >EHQ	 1

Frequency
Scenario

116-C-2A NA	 NA Adequate No Yes NA Yes

116-C-2B NA	 NA Adequate No Unknown NA Yes

116-C-2C High	 Yes Adetluate No Unknown' No Yes

II

118-B-1, 118-B-2, 118-B-3, 118-B-4, 118-B-6, 118-C-1, 118-C-2, 118-C-4, 128-C-1, 132-C-1,
I132-C-3 burial grounds Yes

EHQ = Environmental Lazard quotient calculated by the qualitative ecological risk assessment
NA = Not assessed due to contamination > 4.6 m (15 ft), which is the qualitative risk assessment depth cutoff
ARAR = Applicable or relevant and appropriate requirements, specifically the Washington State Model Toxics
Control Act Method B concentration values for soils.
IRM = interim remedial measures
' = No up or downgradient monitoring wells to assess groundwater impact, site remains on IRM path
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RLS Borehole Suryev Report

Borehole 199-89-4

Casing	 Depth: 54.2'	 Size: 8"	 Thickness: 0.45"
Water	 Depth: none

Survey	 Depth:	 0 - 53'	 Date: 07/19/93
Stations: 53.2'

General Notes:
The well was monitored from 0 to 53 feet in increments of 0.5 feet for
counting periods of 80 seconds,through an eight inch diameter, 0.45 inch thick
carbon steel casing. In addition a stationary log was run at 53.2 feet for
300 seconds. Note that over the monitored region the wellcasing exceeds the
m,vimitm racinS -correction factor.-- The'r'efor the Calculated activities wi l l
slightly underestimate the actual activities. The plot tracks shown on the
first graph for the naturally occurring radionuclides, potassium, uranium, and-	 ---thnr,um Indicate that - the Calculated -activities -are typ

.
ical or Hanford soils.

The blank region on the potassium plot track from 21 to 24 is due to the
interference of the Europium-152, 1458 keV photopeak with the Potassium-40,
1461 keV photopeak. This made the spectral data in this region unreliable, so

-	 it was removed from--tf}e plot track. At-present it would require time
consuming hand calculations to separate the contributions from these two
radionuclides.

T man-made radionuclides JLs6M\C{ 
over 

the monitored region of the well are
Cobalt-60 (Co-60), Europium-152 (Eu-152), and Europium-154 (Eu-154). As shown

-	 on the second graph, -X1!of-thPese -rad-ionuclide activities occur in a narrow
band centered at 22 feet. The total gamma ray count rate reflects the
presence of these radionuclides.

Man-made Radionuclides:
Cobalt-60 is observed from 16.5 to 28.5 feet. The maximum calculated activity
of 143 pCi/g occurs at 22 feet.

Europium-152 is observed from 16 to 26.5 feet. The maximum calculated
activity of 377 pCi/g occurs -at 22 feet.,

Europium-154 is observed from 17.5 to 25 feet. The maximum calculated
activity of 40 pCi/g occurs at 22 feet.

No other man-made radionuclides were observed.
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Westinghouse Hanrcra Company
RLS Spectral Gamma-Ray Borehole Survey Log Header

Project: 100 BIC Pu Crib

Borehole	 199-B9-4

Coordinates	 NH tr	 -- NA 'd ---feet (Hanford 2"0 0W Area)

Elevation	 NA ft	 Top of casing(Hanford 200W Area)

Borehole Environment Information

Borehale--liquid depth	 none (ft) from zero (0.0) depth reference of log

Casing size	 Casing thickness	 Top depth Base depth
(ft)(in.)	 (in.)	 (ft)	

--^li -	 8	 0.45	 -	 0 54.2

RIS Passive Spectral Gamma Survev Information

Logging Engineers	 J.	 P.	 Kiesler	 S.	 E. Kos
Loq depth reference at zero	 0.0	 depth is	 ground level

Log Date Archive
file names

Log mode	 speed Depth interval	 (ft)
Top	 Base	 Incr

Jul	 19,	 1993 1 HIB0904\A404 MSA	 80sec RT 0	 53	 0.5

Stations 300s 53.2

MSA: Mo btaPAegw,
RT: Real time

Calibration and Analysis Information

RLS Calibration Date: Nov. 21, 1991
Calibration Report:	 WHC-SD-EN-TRP-001

Analyst Names: W. F. Nicaise
Analysis Date: Oct 27, 1993

Analysis Notes:

Radionuclides Identified: Co-60 Eu- 152 Eu-154
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APPENDIX B

SUAMARY- OF RADIONUCUDE- ANA IYTICAL RESULTS A
DORMAN AND RICHARDS (1978)
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tP
W

i

g Na

a. lgn

0

O

no

Fr
IM

Test Hole A 0; c D E ColeLdat;Y
Sample 31 ft 35 It 50 ft 25 ft 110 ft 35 It 35ft Average

Radionuclide Ipca/ft ......	
I	

.... .... I.	 .	 ....... .................... ........................... .................... .................... ....................................................................
Tritium

....... -.iqh ......... RK i 
.9 NA NR NA 23 NA 130 63

Cobalt-60 NR 1.6 2 0.18 NR 7.9 14 2.2 1.1 4.1
Strontium-90 NR 1113 180 1.18 NR 15 230 170 170 130
Cesium-134 NR NA NA NA NR 0.069 0.075 NA 0.021
Cesium-137 NR 0.11 0.14 0.1369 NR 0.15 0.13 0.069 0.084 0.11

Europium-152 NR 0.46 1.1 • NR 1.4 6.4 1.2 0.63 1.5
Europlum-1 54 , NR 0.44 NR 0.27 NA 0.1
Europlum-155, NR 2.11 1.8 1.1 NR 0.095 2.2 1.9 2 1.5
Total Uranium, NR NA ,	 0.11 NA NR NA NA NA NA 0.11

*: Below detection,11mit
NA., Not analyzed for

NR: Not reported
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Table B-2 Summary of Radionuclide Analytical Results for the
Dorian and Richards (1978) Testholes: 116-C-2B Pluto Crib Pump Station

Test Hole
Sample

Radionudide (aCi/a)

A
30 ft

Tr^lm 48
Cobalt 80 0.54

Stnxrtim 90 22
Cesium-134 0.25

Europium-1 55 0.52

Plutonium-239/240 0.42
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it

Test Hole A B C D Grab i [a] CaII
:)ample 25ft 30 ft 22.5 ft 1	 1 2 3 4 Average

..Ra.d.1o.rs.,J.cI.k.1.e..(P .....	.......... ........... ...... .......................... .................... .......................... ....................... .................... .................... .................... ..........................
Irrftlum 93 NA NR

INA
NR 220

INA
NA 62 73

00balt-60 490 42 NR 180 NR 71100000 120000 83000 lObM 370130
Strontlum-90 14 22 NR 12 NR 29000 NA

INA
INA 360I

.Cesium-134 7.7 12 NR 0.43 NR INA NA NA
INA

65
Cesium-137 280 87 NR 160 NR 1410000 4900 5700 2100 1700

Europium-152 53 710 NR 270 NR INA INA 2000 INA 13DD
Europlum-154 3.3 41 NR 37 NR INA

INA
loci

Europlum-1 55 • 900 NR 12 NR INA NA 11010
Plutonium-238 0.77 NR NA NR 11600 INA NA INA 19

Plutonium-239/240 7.9 0.97 NR 1.1 NR 115110 INA NA INA 19
Tole! Uranium 0.13 NA NR NA NR N,06 NA NA INA IN

Below detection Ilmll!
NA: Not analyzed for

(a): Locations of the gralb samples are as follows;

1) Crud from Intel distribution tray, approximately 3 tt below surface
2) Crud from outlet distribution tray, approximately 19 If below surface
3) Inlet filter bad
4) Outlet filter bed

NR: Not reported

0

A
C:,

o

O

ti



fb

Test Hole H •, 1 .1 K L M N
Trench 13 13 13 P-2 7127 northern northern

Radlonuclide (pCl/9)
Sample 20 It 3$ [a] 25 it 30.5 it 20 It 25 It 3:2 ft 20 ft

Cobaft-80 110 8f!00 NR 9 1 350 NR NR 5200 380
Nickel-63 NA IVA NR NA NA NR NR NA 78 NA

Strontium-90 0.61 14A NR O.09 0.023 NR NR 0.19 140 6.2
Cesiurn-134 • 13 NR w 0.28 NR NR 64"
Cealum-137 1.3 1,20 NR • 1.3 NR NR 66 49 5.3

Europium-162 1.9 3 1 00 NR 2:3 0.79 NR NR 83 28 6-.4
Europium-154 2.7 31BO NR 0.133 1.8 NR NR 450 2600 7 .8
Europlum-166 1.6 18 NR 1.8 0.56 NR NR 48 7.5 3

Plutonium-239/240 NA 141A NR A 0.42 NR NR 0.28 0.69 1
Total Uranium NA I	 NIA NR NA NA NR I	 NR I

NA
1 0.18 1	 NA

Non-Radionuclide '_ NA NA MA
Oil & grease

'Tagil Hole	 1 - A B -',iC D	 I E F 0
Trench 1',2 or 4 1,2 or 4 1,2 or 4 1,2 or 4	 I 1,2 or 4 1,2 or 4 7

Radionuclide (pCl/gl,
Sample 120ft 15 ft 22 ft 22.5 it

Cobalt-60 0.07 NR NR NR NR NR 34 170000 99
Nickel-63 NA NR 114R NR NR NR NA 32 NA
trontium•80

Cealum-134
0.026

NA
NR
NR

IVR
IVR

NR
NR

NR
NR

NR
NR

0.1
NA

0'.6
NA

0.67
NA

Cealum-137 0.039 NR NR NR NR NR 0.54 2700 1.4
Europium-152 NA NR NR NR NR NR 0.46 4500 13
Europium-154 NF i NR IVR NR NR NR 0.66 2700 0.93
ENropfum-155 o.4 NR IVR NR NR NR 0.066 600

Plutpnlum-239/240 NAJ NR INR NR NR NR NA NA NA
Total Uranium I	 NAI I	 NR 114R NR NR I	 NR NA NA I	 NA

Nom_-RadionuclideRadionuclide i '.

d
O

a^

N M ^

o
Cp

N

~	 OOg
ter

F+

Q^ O

C M

: Below dittactlon limit
NA: Not analyzed for

Is]: Sample H-33 was a perforated aluminum fuel element spacer (dummy) found 20 ft. east of trench d7;
It was not a sample taken from 33 ft below grade at this location.

NR: not reported
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